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Request for your special attention and precautions in using the technical information 
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and semiconductors described in this book 


An export permit needs to be obtained from the competent authorities of the Japanese Government if any of 
the products or technologies described in this book and controlled under the "Foreign Exchange and Foreign 
Trade Law" is to be exported or taken out of Japan. 


The technical information described in this book is limited to showing representative characteristics and 
applied circuits examples of the products. It neither warrants non-infringement of intellectual property right 
or any other rights owned by our company or a third party, nor grants any license. 


We are not liable for the infringement of rights owned by a third party arising out of the use of the product or 
technologies as described in this book. 


The products described in this book are intended to be used for standard applications or general electronic 
equipment (such as office equipment, communications equipment, measuring instruments and household 
appliances). 

Consult our sales staff in advance for information on the following applications: 


Special applications (such as for airplanes, aerospace, automobiles, traffic control equipment, combustion 
equipment, life support systems and safety devices) in which exceptional quality and reliability are required, 
or if the failure or malfunction of the products may directly jeopardize life or harm the human body. 


Any applications other than the standard applications intended. 


The products and product specifications described in this book are subject to change without notice for 
modification and/or improvement. At the final stage of your design, purchasing, or use of the products, 
therefore, ask for the most up-to-date Product Standards in advance to make sure that the latest specifications 
satisfy your requirements. 


When designing your equipment, comply with the guaranteed values, in particular those of maximum rating, 
the range of operating power supply voltage, and heat radiation characteristics. Otherwise, we will not be 
liable for any defect which may arise later in your equipment. 

Even when the products are used within the guaranteed values, take into the consideration of incidence of 
break down and failure mode, possible to occur to semiconductor products. Measures on the systems such as 
redundant design, arresting the spread of fire or preventing glitch are recommended in order to prevent 
physical injury, fire, social damages, for example, by using the products. 


When using products for which damp-proof packing is required, observe the conditions (including shelf life 
and amount of time let standing of unsealed items) agreed upon when specification sheets are individually 
exchanged. 


This book may be not reprinted or reproduced whether wholly or partially, without the prior written 
permission of Matsushita Electric Industrial Co., Ltd. 








If you have any inquiries or questions about this book or our semiconductors, please contact one of our sales 
offices listed at the back of this book. 








About This Manual 





gOrganization 


In this LSI manual, this LSI functions are presented in the following order : overview, basic CPU 
functions, interrupt functions, port functions, timer functions, serial functions, and other peripheral 
hardware functions. Each section contains overview of function, block diagram, control register, 


operation, and setting example. 


mManual Configuration 


Each section of this manual consists of a title, summary, main text, key information, precautions and 
warnings, and references.The layout and definition of each section are shown below. 
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Key information 


chapter 2 
Basic CPU 


2.8 Reset 


8.1 Reset operation 





the CPU contents are reset and registers are intialized when the NRST pin (P 
27) is pulled to low. 


EInitiating a Reset 
There are two methods to initiate areset. 
(1) Drive the NRST pin low for at least four clock cycles. 
NTST pin should be holded "low" for more than 4 clock cycles (200 ns a 


ta 20 NHz) 





NRST pin 











— I— 4clock cycles 
I | (200 ns at a 20 MHz) 


Figure:2.8.1 Minimum Reset PUlse Width 


(2 Setting the P2OUT7 flag of the P2OUT register to "0" outputs low level at P 
27 (NRST) pin. And transfering to reset by program (software reset) can be 
executed. If the internal LSI is reset and register is initiated, the PZOUT 
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7 flag becomes "1" and reset is released. 





On this LSI, the starting mode is NORMAL mode that high oscillation i 


%. 
ka s the base clock. 


When the power voltage low circuit is connected to NTST pin, circuit t 
C hat gives pulse for enough low level time at sudeen unconnected. And r 
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set can be generated even if its pulse is low level as the oscillation 
clock is under 4 clocks,take notice of noise. 





I-48 Reset 


Main text 








Precautions and 
warnings 


S Precautions are listed 


in case. 

Be sure to read these 
of lost functionality 

or damage. 


mFinding Desired Information 
This manual provides three methods for finding desired information quickly and easily. 


1.Consult the index at the front of the manual to locate the beginning of each section. 
2.Consult the table of contents at the front of the manual to locate desired titles. 


3.A chapter number and its chapter title are located at the top corner of each page, and section titles are 
located at the bottom corner of each page. 


mRelated Manuals 
Note that the following related documents are available. 


¢"MNIOIC Series LSI user's Manual" 
<Describes the device hardware> 


¢"MNIOIC Series Instruction Manual" 
<Describes the instruction set.> 


¢ " Series C Compiler User's Manual: Usage Guide" 
<Describes the installation, the commands, and options of the C Compiler.> 


¢"MNI10I1C Series C Compiler User's Manual: Language Description" 
<Describes the syntax of the C Compiler.> 


¢"MN101C Series C Compiler User's Manual: Library Reference" 
<Describes the standard library of the C Compiler.> 


¢ "MNIOIC Series Cross-assembler User's Manual" 
<Describes the assembler syntax and notation.> 


¢"MN101C Series C Source Code Debugger User's Manual" 
<Describes the use of C source code debugger.> 


¢ About This Manual "MN101C Series PanaX Series Installation Manual" 
<Describes the installation of C compiler, cross-assembler and C source code debugger and the 
procedure for bringing up the in-circuit emulator.> 
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1.1 Overview 





1.1.1 Overview 





The MNIOIC series of 8-bit single-chip microcomputers incorporate multiple types of peripheral functions. This 
chip series is well suited for camera, VCR, MD, TV, CD, LD, printer, telephone, home automation, pager, air con- 
ditioner, PPC, remote control, fax machine, music instrument and other applications. 


This LSI brings to embedded microcomputer applications flexible, optimized hardware configurations and a sim- 
ple efficient instruction set. The MN101C78A has an internal 32 KB of ROM and 1.5 KB of RAM. Peripheral 
functions include 4 external interrupts, 18 internal interrupts including NMI, 9 timer counters, 4 sets of serial 
interfaces, A/D converter, watchdog timer, buzzer output, and remote control output. The configuration of this 
microcomputer is well suited for application as a system controller in a camera, timer selector for VCR, CD 
player, or MD. 


With two oscillation system (max. 10 MHz/32 kHz) contained on the chip, the system clock can be switched to 
high frequency input (high speed mode), or to low frequency input (low speed mode). 


The system clock is generated by dividing the oscillation clock. The best operation clock for the system can be 
selected by switching its frequency by software. High speed mode has the normal mode which is based on 2- 
cycle clock (fosc/2) and the double speed mode which is based on the same cycle clock with fosc. 


A machine cycle (min. instructions execution) in the normal mode is 250 ns when fosc is 8 MHz, and when fosc 
is 10 MHz, a machine cycle is 200 ns. A machine cycle in the double speed mode is 125 ns when fosc is 8 MHz, 
and 100 ns when fosc is 10 MHz. Two types of packages are available, 48-pin TQFP and 44-pin QFP. 


Tele Product Summary 
SSS 
This manual describes the following models of the MN101C78 series. These products have identical functions. 
However, MN101C78A is described mainly. 


Table:1.1.1 Product Summary 














Model ROM Size RAM Size Classification 
MN101C78A*1 32 KB 1.5 KB Mask ROM version 
MN101C789*2 24 KB 1.5 KB Mask ROM version 
MN101CF78A*1 | 32 KB 1.5 KB Flash EEPROM version 




















4 Under development 


*2 Under consideration 
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1.2 Hardware Functions 


HM Functions 


- ROM capacity: 


- RAM capacity: 


32768x8 bit *1 


1536x8 bit *1 


*1 Differs depending upon the model. Refer to [Chapter 1 1-1-2 Product Summary] 


- Package: 


- Machine cycle: 


QFP44 (10 mm square, 0.8 mm pitch) 
TQFP48 (7 mm square, 0.5 mm pitch) 
High speed mode <fs=fosc/2, fosc/1> 
0.125 ms /-, 8 MHz (2.7 V to 3.6 V) 
0.25 ms / 8 MHz, 4 MHz (2.3 V to 3.6 V) *2 
0.50 ms / 4 MHz, 2 MHz (1.8 V to 3.6 V) *2 
Low speed mode <fs=fx / 2> 


62.5 ms / 32 kHz (1.8 V to 3.6 V) *2 


*2 The guaranteed operating range for Flash EEPROM version MN1010CF78A is 2.7 V to 3.6 V. 


- Internal clock gear: 


- Oscillating circuit: 


- Operation modes: 


- Operating voltage: 


- Operating temperature: 


- Interrupt: 


<External interrupts> 


Operation speed of internal system clock is variable by changing the frequency. 
(2, 4, 16, 32, 64, 128 dividing) 

Two oscillation circuits (high speed / low speed) 

NORMAL mode 

SLOW mode 

HALT mode 

STOP mode 

(The operation clock can be switched in each model) 

1.8 V to 3.6 V (Flash version of TQFP48, MN101CF78A is 2.7 V to 3.6 V) 
-40 C to +85 C 

22 levels 

Edge selectable. 

IRQO: External interrupt (AC zero cross detector. With/Without noise filter) 
IRQ1: External interrupt (AC zero cross detector. With/Without noise filter) 
IRQ2: External interrupt (Both edges selectable |RQ3 — external interrupt) 


IRQ3: (Key scan interrupt only) 
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<Timer interrupts> TMOIRQ: Timer 0 interrupt (8-bit timer) 


TM1IRQ: Timer 1 interrupt (8-bit timer) 

TM2IRQ: Timer 2 interrupt (8-bit timer) 

TM3IRQ: Timer 3 interrupt (8-bit timer) 

TM7IRQ: Timer 7 interrupt (16-bit timer) 

T7OC2IRQ: Timer 7 compare register 2 interrupt (16-bit timer) 
TM8IRQ: Timer 8 interrupt (16-bit timer) 

T80C2IRQ: Timer 8 compare register 2 interrupt (16-bit timer) 
TM6IRQ: Timer 6 interrupt (8-bit timer) 


TBIRQ: Time base timer interrupt 


<Serial interface interrupts> 


SCORIRQ: Serial interface 0 interrupt (UART reception) 

SCOTIRQ: Serial interface 0 interrupt (UART transmission, synchronous) 
SC1RIRQ: Serial interface 1 interrupt (UART reception) 

SC1TIRQ: Serial interface 1 interrupt (UART transmission, synchronous) 
SC3IRQ: Serial interface 3 interrupt (Single master IIC, synchronous) 


SC4IRQ: Serial interface 4 interrupt (Slave IIC) 


<Watchdog timer interrupt> NMI: Non-maskable interrupt 
<A/D conversion end interrupt> ADIRQ: A/D conversion interrupt 
- A/D converter: 10-bit x 7 channels 


- Timer counter: 9 timers All timer counters generate interrupt 


Timer 0 (8-bit timer for general use) 
Square wave output, PWM output, Event count, Simple pulse width measurement, 
Clock source: fosc, fosc/4, fosc/16, fosc/32, fosc/64, fs/2, fs/4, fx, external clock 
P50 of the large current pin (TMOOA) or P15 (TMOOB) for PWM output 
Timer 1 (8-bit timer for general use or UART baud rate timer) 
Square wave output, Event count, Cascade connection to timer 0 
Clock source: fosc, fosc/4, fosc/16, fosc/64, fosc/128, fs/2, fs/8, fx, external clock 
Timer 2 (8-bit timer for general use or UART baud rate timer) 
Square wave output, PWM output, Event count, Simple pulse width measurement 
Clock source: fosc, fosc/4, fosc/16, fosc/32, fosc/64, fs/2, fs/4, fx, external clock 
Added pulse (2-bit) system PWM 


P52 of the large current pin (TM2OA) or P16 (TM2OB) for PWM output 
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Timer 3 (8-bit timer for general use) 
Square wave output, Event count, 
Cascade connection to timer2 
Clock source: fosc, fosc/4, fosc/16, fosc/64, fosc/128, fs/2, fs/8, fx, external clock 
Timer 6 (8-bit timer for general use) 
Combined with time base timer, it can be set to measure one minute intervals. 
Clock source: fosc, fs, fx, time base output (1/2” or 1/2'%) 
Timer 7 (16-bit timer for general use) 
Square wave output, P51 of the large-current pin (TM7O) for PWM output and IGBT control output 
(Duty/Cycle continuous variable), Event count, Pulse width measurement, Input capture, Cascade 
connection to timer 8 (32-bit timer, 32-bit PWM, input capture can be used) 
Clock source: 1/1, 1/2, 1/4, 1/16 of any one of fosc, fx, or external clock 
Timer 8 (16-bit timer double buffering) 
Square wave output, P53 of the large-current pin (TM8O) for PWM output (Duty continuous variable), 
Event count, pulse width measurement, Input capture 
Time base timer 
Clock source: fosc, fx 
Interrupt enable for source clock at the dividing output of 1/2’, 1/2°, 1/2°, 1.2'°, 1/2", 1/2"° 
Watchdog timer 
Watchdog timer frequency can be selected from fs/2"®, fs/2"°, fs/2”° 
- Buzzer output, Inverted buzzer output: 
Output frequency can be selected from fosc/2°, fosc/2"°, fosc/2", fosc/2"°, fosc/2™, fx/2°, fx/2*. 
- Remote control carrier output: 
Based on the timer 0 and timer 3 output, a remote control carrier with duty cycle of 1/2 or 1/3 can be 
output. 
- Clock output: OSC oscillation source or system clock output can be selected. 


Clock source: 1/1, 1/2, 1/4, 1/16 of any one of fosc, fx, or external clock 
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- Serial interface: 4 types 
Serial interface 0, 1: 2 channels 
CHO: Duplex UART / Synchronous serial interface 
- Transfer clock: focs/2, focs/4, focs/16, focs/64, fs/2, fs/4, 1/2 of timer 1 (timer 2) output 
- Timer 1 (or timer2) is used as baud rate timer at UART. 
- MSB/LSB can be selected as the first bit to be transferred. An arbitrate transfer size from 1 to 8 
bits can be selected. 
- It can be used as parity check, overrun error, framing error detection, or 2 channels serial 
interface. 
CH1: Duplex UART / Synchronous serial interface 
- Transfer clock: focs/2, focs/4, focs/16, focs/64, fs/2, fs/4, 1/2 of timer 1 (timer 2) output 
- Timer 1 (or timer2) is used as baud rate timer at UART. 
- MSB/LSB can be selected as the first bit to be transferred. An arbitrate transfer size from 1 to 8 
bits can be selected. 
- It can be used as parity check, overrun error, framing error detection, or 2 channels serial 
interface. 
Serial interface 1 I/O (SBO1, SBI1, SBT1) can be switched to P15 to P17 or PAS to PA7. (48 
pin version only) 
Serial interface 0 I/O (SBOO, SBIO, SBTO) can be switched to P75 to P77 or PAO to PA2. (44 
pin version/ 48 version) 
Serial interface 3: 1 channel 
Single master IIC / Synchronous serial interface 
- Single master handling IIC communication enable (with ACK, 9 bits are transferred) 
- Transfer clock: focs/2, focs/4, focs/16, focs/32, focs/64, fs/2, fs/4, timer 2 (timer 3) output 
- MSB/LSB can be selected as the first bit to be transferred. An arbitrate transfer size from 1 to 8 
bits can be selected. 
Serial interface 4: 1 channel 
lIC slave interface 
- IIC high-speed transfer mode (communication speed: 400 kbps) 
- 7-bit or 10-bit of slave address can be set. 
- General call communication mode handling 


(SCL pin, SDA pin can be switched to P10, P11, or P76, P77) 
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- LED driver: 4 pins 
LCD driver pins: 
Segment output 12 pins max. (SEGO to SEG11) 
SEGO to SEG11 are switchable to I/O ports in unit of 1 pin. 
[Note: At reset, SEGO to SEG11 are input pors.] 
Common output pins: 4 pins 
COMO to COM3 are switchable to I/O port in 1 pin unit. 
Display mode selection 
Static 
1/2 duty, 1/2 bias 
1/3 duty, 1/3 bias 
1/4 duty, 1/4 bias 
LCD driver clock 
The source clock is the main clock (fosc): 
1/2'°, 1/2'7, 1/2°, 1/2", 1/2", 1/2", 1/2, 1/2" 
The source clock is the sub-clock (fx) 
1/2°, 1/2°, 1/2’, 1/2° 
LCD power supply 
Available at VDD>VLC1 
External supply voltage is supplied by VLC1, VLC2, VLC3 pins or voltage applied to VLC1 is divided 


by internal resistance and supplied to VLC2 and VLC3 pins 
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- Port: 48 pin 44 pin 
version version 
1/O ports 39 pins 35 pins 


(dual function) (dual function) 
LED (large current) driver pin 4 pins 44 pins 


(switchable to timer output) 


LCD power supply pin 3 pins 3 pins 
A/D input pin 1 pin 1 pin 
A/D input/ Serial interface pin 6 pins 3 pins 
Timer I/O / LCD driver/ Remote control carrier output pin 1 pin 1 pin 
Timer output/ LCD driver/ Serial interface pin 2 pins 2 pins 
Timer I/O /LCD driver/ Serial interface pin 1 pin 1 pin 
Timer I/O /Buzzer output/ LCD driver pin 1 pin 1 pin 
Timer I/O /inverted buzzer output/ LCD driver pin 1 pin 1 pin 
lIC slave pin 2 pins 2 pins 
Key input/ LCD driver pin 3 3 
Key input/ LCD driver/ PWM output pin 2 2 
Key input/ LCD driver/ Serial interface pin 1 1 
Key input/ LCD driver/ Serial interface/ IIC slave pin 2 2 
Common output pin 1 { 
Common output/ Serial interface pin 3 3 
External interrupt pin 3 3 


(2 pins are used as zero cross input pin) 


I/O ports { 2 
XI pin 1 1 
Special pin 10 10 
Analog reference voltage input pin 1 1 
Operation mode input pin 1 1 
Reset input pin 1 1 
Oscillation pin (1 pin is used as I/O pin) 4 4 
Power supply pin 3 3 
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- Pin switching: 


Serial interface I/O 


Serial interface 0 


Synchronous/ UART 


Serial interface 1 


Synchronous/ UART 


Serial interface 3 
Synchronous/ IIC_ single 
master 

Serial interface 4 


lIC slave 


Timer I/O 


Timer 0 
Timer 1 
Timer 2 
Timer 3 
Timer 7 


Timer 8 


Option 1 
SBTOA 
SBOOA/TXDOA 


STIOA/RXDOA 


SBT1A 
SBO1A/TXD1A 


STIA/RXD1IA 


SBT3 

SBT03 

SBI3 

SDA4A 

SCL4A 

*D-Wire for onboard serial 


programming 


Option 1 (I/O) 
TMOIO 
TM1IO 
TM2I0 
TM3I0 
TM7IO 


TM8IO 


Option 2 
SBTOB 
SBOOB/TXDOB 


STIOB/RXDOB 


*UART for onboard serial 


programming 
SBT1B 
SBO1B/TXD1B 
STI1B/RXD1B 
*44 pin version 


available 


SDA4B 


SCL4B 


Option 2 (output 1) 
TMOOA 


TM20A 


TM70 


TM80 
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Option 3 


Option 3 (output 2) 
TMOOB 


TM20B 
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1.3 Pin Description 


1.3.1 Pin configuration 

















< 
=Q ofr 
a2, 93 
B253¢ 
oo8n, Roe 
Or SxKXxkt Ee ie) 
EEGTSSOES 
evssrOSeez . 
oO N 
SVeeGes eas. 9 
Sars Grr Ara ys 
SNNRBRrraag Ee 
aogoagagaa Ss ENTE 
FHOORGBSOH-UENNECE 
GCHHOOGOHOOINGS 
WWW sesegonoonod)yo) 
NANnNnNnNnnNnnNnNWN2Z2MmMaaAaaA 
SRBSBRSSBBRBARARE 
SEG3/P74/KEY4 +—>| 37 24 |*— > P54/IRQ0/ACZO 
SEG2/P75/KEY5/TXDOB/SBOOB <—>| 38 23 -—— VDD 
SEG1/P76/KEY6/RXDOB/SBIOB/SDA4B +—>| 39 22 |«—> SBT1B/PAG/ANG6 
SEGO/P77/KEY7/SBTOB/SCL4B <—>| 40 21 |«—» TXD1B/SBO1B/PA5/AN5 
COMO0/P30<—>) 41 20 }«—» RXD1B/SBI1B/PA4/AN4 
COM1/P31/SBI3<—>| 42 MN101C78A 19 |\«—e PA3/AN3 
COM2/P32/SBT3/SCL3<—>| 43 48 pin LCD version 18 |<«—» SBTOA/PA2/AN2 
COM3/P33/SB03/SDA3<—>| 44 17 |4¢—» RXDOA/SBIOA/PA1/AN1 
P34/VLC3 <>] 45 16 |4—» TXDOA/SBOOA/PAO/ANO 
P35/VLC2 <—>| 46 15 |-— Vref+ 
P36/VLC1 <—»| 47 14 |*—» P11/SCL4A 
P37<>| 48 13 /*—> P10/SDA4A 
oo ae Oy 
O r- NmMOtrTON OR DOD FH rs 
Or NM Qo -a Oo ak 
PREBSSSaRL OR 
= Fore = So 
Sta o oO Oo x Ee 
Qn0aqqg =o 
Wg Wo a 
ee rn Zz 
zOaG 
OKO 6 
Ss2es2 
=F 2:F 


Figure:1.3.1 Pin Configuration (48TQFP: TOP VIEW) 
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28 ~<—® SEG9/P16/TM2IO/RXD1A/SBI1A 
27 |}—® SEG10/P15/TMOOB/TXD1A/SBO1A 


26 }<—® SEG11/P14/TMOIO/RMOUT 
25 |}t—» NBUZZER/P13/TM710/CLKOUT 
24 }<—® BUZZER/P12/TM8IO 


31 }~<—» SEG6/P71/KEY1/TM3lO 
23 }<—» P56/IRQ2 


30 }~<—® SEG7/P70/KEY0/TM1I1O 
29 ~<—® SEG8/P17/SBT1A/TM20B 


33 |}<—®> SEG4/P73/KEY3 
32 |}<—® SEG5/P72/KEY2 


SEG3/P74/KEY4 <—>| 34 22 b> P55/IRQ1/ACZ1 
SEG2/P75/KEY5/TXDOB/SBOOB «—». 35 21 be—» P54/IRQO/ACZO 
SEG1/P76/KEY6/RXDOB/SBIOB/SDA4B «—». 36 20 | vp 
SEGO/P77/KEY7/SBTOB/SCL4B «—»| 37 19 <> PAS/AN3 
COMO/P30 «—»! 38 18 ¢—> SBTOA/PA2/AN2 
COM1/P31/SBI3 «—»! 39 MN101C78A 17 }«—» RXDOA/SBIOA/PA1/AN1 
COM2/P32/SBT3/SCL3 <—>, 49 ae pinLECD version 16 |¢—» TXDOA/SBOOA/PAO/ANO 
COM3/P33/SB03/SDA3 <>) 41 15 Vref+ 
P34/VLC3 <> 49 14 > P11/SCL4A 
P35/VLC2 <«—> 43 13 «—» P10/SDA4A 
P36/VLC1 <>] 44 12 |< NRST,P27 














vss —_| 5 
OSCc2 «—| 6 
OSC1 —»! 7 
VDD —— 8 
XI/P90 <—>| 9 
xo «— 10 
MMOD ——>| 11 


TMOOA/LEDO/P50 <—»! 1 
TM7O/LED1/P51 «4». 2 
TM20A/LED2/P52 4 5! 3 
TM8O/LED3/P53 . _,| 4 


Figure:1.3.2 Pin Configuration (44QFP: TOP VIEW) 
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Pin Specification 


Table:1.3.1 Pin Specification 





























Pins | Special Functions V0 Direction Pin Functions Description 
Control Control 
P10 SDA4A in/out P1DIRO P1PLUO | SDA4A: IIC4 Data I/O 
P11 SCL4A in/out P1DIR1 P1PLU1 | SCL4A: IIC4 Clock I/O 
P12 TM8IO BUZZER in/out P1DIR2 P1PLU2 | TM8IO: Timer 8 I/O BUZZER: Buzzer output 
P13 TM7IO =NBUZZER | in/out P1DIR3  P1PLU3 | TM7IO: Timer 7 I/O NBUZZER: Buzzer reverse output 
CLKOU CLKOUT: Frequency output 
T 
P14 TMOIO =RMOUT in/out P1DIR4 P1PLU4 | TMOIO: Timer 0 I/O RMOUT: Remote control carrier 
output 
SEG11 SEG11: Segment output 
P15 TMOOB SBO1A in/out P1DIR5 P1PLU5 | TMOOB: Timer 8 I/O SBO1A: Serial interface 
transmission data output 
TXD1A SEG10 TXD1A: UART1 transmission data SEG10: Segment output 
output 
P16 TM2IO =SBITA in/out P1DIR6 P1PLU6 | TM2IO: Timer 2 I/O SBI1A: Serial interface 1 reception 
data input 
RXD1A SEG9 in/out RXD1A: UART1 reception data input ©SEG9: Segment output 
P17 TM20B_ SBTIA in/out P1DIR7  P1PLU7 | TM2OB: Timer 2 output SBT1A: Serial interface 1 clock I/O 
SEG8 SEG8: Segment output 
P27 NRST in - - NRST: Reset 
P30 COMO in/out P3DIRO P3PLUO | COMO: LCD common output 
P31 SBI3 COM1 in/out P3DIR1 P38PLU1 | COM1:LCD common output SBI3: Serial interface 3 reception 
data input 
P32 SBT3 SCL3 in/out P3DIR2 P3PLU2 | COM2:LCD common output SBT3: Serial interface 3 clock I/O 
COM2 SCL3: IIC3 clock output 
P33 SBO3 SDA3 in/out P3DIR3  P3PLU3 | COM3: LCD common output SBOS: Serial interface 3 
transmission data output 
COM3 SDAS3: Serial data I/O 
P34 VLC3 in/out VLC3: LCD power 
P35 VLC2 in/out VLC2: LCD power 
P36 VLC1 in/out - - VLC1: LCD power 
P37 *1 in/out P3DIR7 P3PLU7 
P50 TMOOA  LEDO in/out P5DIRO P5PLUO | TMOOA: Timer 0 output LEDO: LED driver pin 0 
P51 TM70 LED1 in/out P5DIR1 PS5PLU1 | TM70: Timer 7 output LED1: LED driver pin 1 
P52 TM20A_LED2t in/out P5DIR2 PS5PLU2 | TM2OA: Timer 2 output LED2: LED driver pin 2 
P53 TM80 LED3 in/out P5DIR3_ P5PLU3 | TM8O: Timer 8 output LED3: LED driver pin 3 
P54 IRQO ACZO in/out P5DIR4 P5PLU4 | IRQO: External interrupt 0 ACZO: Zero cross input 0 
P55 IRQ1 ACZ1 in/out P5DIR5 P5PLU5 | IRQ1: External interrupt 1 ACZ1: Zero cross input 1 
P56 IRQ2 in/out P5DIR6 P5PLU6 | IRQ2: External interrupt 2 
P70 TM1IO ~=KEYO in/out P7DIRO P7PLUO | TM1IO: Timer 1 I/O KEYO: Key interrupt input 0 
SEG7 SEG7: Segment output 
P71 TM3IO KEY1 in/out P7DIR1  P7PLU1 | TM3IO: Timer 1 I/O KEY1: Key interrupt input 1 
SEG6 SEG6: Segment output 
P72 KEY2 SEG5 in/out P7DIR2 P7PLU2 | KEY2: Key interrupt input 2 SEG5: Segment output 
P73 KEY3 SEG4 in/out P7DIR3  P7PLU3 | KEY3: Key interrupt input 3 SEG4: Segment output 
P74 KEY4 SEG3 in/out P7DIR4 P7PLU4 | KEY4: Key interrupt input 4 SEG3: Segment output 
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Pins Special Functions VO Direction Pin Functions Description 
Control Control 
P75 SBOOB TXDOB in/out P7DIR5 P7PLUS5 | SBOOB: Serial interface 0 TXDOB: UARTO transmission data 
transmission data output output 
KEY5 SEG2 KEY5: Key interrupt input 5 SEG2: Segment output 
P76 SBIOB RXDOB in/out P7DIR6 P7PLU6 | SBIOB: Serial interface 0 reception RXDOB: UARTO reception data 
data input input 
SDA4B KEY6 SDA4B:1IC4 data I/O KEY6: KEY interrupt input 6 
SEG1 SEG1: Segment output 
P77 SBTOB SCL4B in/out P7DIR7 P7PLU7 | SBTOB: Serial interface 0 clock I/O SCL4B: IIC4 clock I/O 
KEY7 SEGO KEY7: Key interrupt input 7 SEGO: Segment 0 output 
P90 Xl in P9DIRO P9PLUO | XI: Low speed frequency input pin 
PAO SBOOA TXDOA in/out PADIRO PAPLUO | SBOOA: Serial interface 0 data output TXDOA: UARTO transmission data 
output 
ANO ANO: Analog 0 input 
PA1 SBIOA RXDOA in/out PADIR1 PAPLU1 | SBIOA: Serial interface 0 data input RXDOA: UARTO reception data 
input 
AN1 AN1: Analog 1 input 
PA2 SBTOA AN2 in/out PADIR2 PAPLU2 | SBTOA: Serial interface 0 clock I/O AN2: Analog 2 input 
PA3 AN3 in/out PADIR3 PAPLU3 | AN3: Analog 3 input 
PA4 AN4 in/out PADIR4 PAPLU4 | AN4: Analog 4 input 
| 
SBI1B RXD1B SBI1B: Serial interface 1 data input RXD1B: UART1 reception data 
input 
PA5 SBO1B TXD1B in/out PADIR5 PAPLUS5 | SBO1B: Serial interface 1 TXD1B: UART1 transmission data 
4 transmission data output output 
AN5 ANS: Analog 5 input 
PA6 SBT1B  AN6 in/out PADIR6 PAPLU6 | SBT1B: Serial interface 1 clock I/O ANE: Analog 6 input 


a 

















* 1 Not available for 44 pin QFP package 
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1.3.3 


Pin Functions 


Table:1.3.2 Pin Functions 





TQFP 48 | QFP44 


Name PinNo. _ | Pin No. 


VO 


Other Function 


Function 


Description 





Ves 5 5 
Mien 8, 23 8, 20 


Vref + 15 15 


Power supply pins 


Supply 1.8 V to 3.6 V to Vpp and 0 V to Vgg. 
For MN101CF78A, supply 2.7 V to 3.6 V to 
Vpp 





OsC1 7 7 
OSC2 6 6 


Input 
Output 


Clock input pins 
Clock output pins 


Connect these oscillation pins to ceramic or 
crystal ocsillators for high-frequency clock 
operation. 

If the clock is an external input, connect it to 
OSC1 and leave OSC2 open. The chip will 
not operate with an external clock when 
using either the STOP or SLOW modes. 





Xl 9 9 
XO 10 10 


Input 
Output 


P90 


Clock input pins 
Clock output pins 


Connect these oscillation pins to crystal 
oscillators for low-frequency clock operation. 
If the clock is an external input, connect it to 
XI and leave XO open. When using the 
STOP mode, the chip will not operate with an 
external clock. If these pins are not used, 
connect XI to Vgg and leave XO open. 





NRST 12 12 


Input 


P27 


Reset pins 
[Active low] 


This pin resets the chip when power is turned 
on, is allocated as P27 and contains an 
internal pull-up resistor (Type. 35 kw). 
Setting this pin “L” level initialize the internal 
state of the device. 

Thereafter, setting the input to “H” level 
releases the reset. The hardware waits for 
the system clock to stabilize, then processes 
the reset interrupt. 

Also, if “0” is written to P27 and the reset is 
initiated by software, “L” level will be output. 
The output has an N-ch open-drain 
configuration. If a capacitor is to be inserted 
between NRST and Vgg, it is recommended 
that a discharge diode be placed between 
NRST and Vpp. 





P10 13 13 
P11 14 14 
P12 27 24 
P13 28 25 
P14 29 26 
P15 30 27 


P16 31 28 
P17 32 29 


VO 


SDA4A 

SCL4A 

TM8IO, BUZZER 

TM7IO, NBUZZER, CLKOUT 
TMOIO, RMOUT, SEG11 
TMOOB, SBO1A, TXD1A, 
SEG10 

TM2IO, SBI1A, RXD1A, SEG9 
TM2OB, SBI1A, SEG8 


/O port 0 


8-bit COMS tri-state I/O port. 

Each bit can be set individually as either an 
input or output by the P1DIR register. A pull- 
up / pull-down resistor for each bit can be 
selected individually by the P1PLU register. 
A pull-up / pull-down resistor for each port 
can be selected individually by the SELUD 
register. (However, pull-up and pull-down 
resistors cannot be mixed.) 

At reset, the input mode is selected and P10, 
P11 are pull-up resistor enable ("H" output), 
P12 to P17 are pull-up resistor disable 
(output"H", "Hi-2Z"). 





MMOD 11 11 


Input 


Memory mode 
setting pins 


Input always "L" level. It is used for Flash 
programming only. 





P27 12 12 














Input 





NRST 





I/O port 2 





Port P27 has an N-ch open-drain 
configuration. When “0” is written and the 
reset is initiated by software, “L” level will be 
output. 





1-14 Pin Description 





Chapter 1 
Overview 


























Name TORt — ote VO Other Function Function Description 
Pin No. Pin No. 
P30 41 38 COMO V/O port 3 8-bit COMS tri-state I/O port. 
P31 42 39 SBI3, COM1 Each bit can be set individually as either an 
P32 43 40 SBT3, SCL3, COM2 input or output by the P3DIR register. A pull- 
P33 44 41 SBO3, SDA3, COM3 up resistor for each bit can be selected 
P34 45 42 VLC3 individually by the P3PLU register. 
P35 46 43 VLC2 At reset, the input mode is selected and 
P36 47 44 VLC1 P37is pull-up resistor enable ("H" output), 
P37 *1 48 P31 to P37 are pull-up resistor disable 
(output "H", "Hi-Z"). 
P50 1 I VO TMOOA, LEDO /O port 5 7-bit COMS tri-state I/O port. 
P51 2 2 TM70, LED1 Each bit can be set individually as either an 
P52 3 3 TM20A, LED2 input or output by the P5DIR register. A pull- 
P53 4 4 TM80, LED3 up resistor for each bit can be selected 
P54 24 21 IRQO, ACZO individually by the P5PLU register. 
P55 25 22 IRQ1, ACZ1 Also, at output, LED direct drive is enabled 
P56 26 23 IRQ2 for P50 to P53. 
At reset, the input mode is selected and pull- 
up resistors are disabled (output “H”, “Hi-Z”). 
P70 33 30 VO TM1IO, KEYO, SEG7 I/O port 7 8-bit COMS tri-state I/O port. 
P71 34 31 TM3lO, KEY1, SEG6 Each bit can be set individually as either an 
P72 35 32 KEY2, SEG5 input or output by the P7DIR register. A pull- 
P73 36 33 KEY3, SEG4 up / pull-down resistor for each bit can be 
P74 37 34 KEY4, SEG3 selected individually by the P7PLU register. A 
P75 38 35 SBOOB, TXDOB, KEY5, SEG2 pull-up / pull-down resistor for each port can 
P76 39 36 SBIOB, RXDOB, SDA4B, be selected individually by the SELUD 
KEY6, SEG1 register. (However, pull-up and pull-down 
P77 40 37 SBTOB, SCL4B, KEY7, SEGO resistors cannot be mixed.) 
At reset, the input mode is selected and pull- 
up resistors are disabled (output “H”, “Hi-Z”). 
P90 9 9 VO Xl I/O port 9 8-bit COMS tri-state I/O port. 
Each bit can be set individually as either an 
input or output by the P9DIR register. A pull- 
up / pull-down resistor for each bit can be 
selected individually by the P9PLU register. 
Also, by XSEL register, the pin can be 
switched to oscillation input pin which con- 
nects to crystal oscillators for low-frequency 
clock operation. If the clock is an external 
input, connect it to Xl and leave XO open. At 
the STOP mode, the chip will not operate 
with an external clock. 
At reset, the input mode is selected and pull- 
up resistors are enabled (“H” output). 
PAO 16 16 VO ANO, SBOOA, TXDOA VO port A 7-bit COMS tri-state I/O port. 
PA1 17 17 AN1, SBIOA, RXDOA Each bit can be set individually as either an 
PA2 18 18 AN2, SBTOA input or output by the P7DIR register. 
PA3 19 19 AN3 At reset, the input mode is selected and pull- 
PA4 *1 20 AN4, SBI1B, RXD1B up resistors are disabled (high impedance 
PAS *1 21 AN5, SBO1A, TXD1B output). 
PA6 *1 22 AN6, SBT1B 
SBOOA 16 16 VO PAO, ANO, TXDOA Serial interface Transmission data output pins for serial 
SBOOB 38 35 P75, KEY5, RXDOB, SEG2 transmission data | interface 0, 1, 3. 
SBO1A 30 27 P15, TXD1A, TMOOB, SEG10 | output pins The output configuration, either COMS push- 
SBO1B *1 21 PA5, AN5, TXD1B pull or Nch open-drain can be selected at the 
SBO3 44 4 P33, COM3 P1ODC, P80DC, P7ODC, PAODC registers. 




















Pull-up and pull-down registers can be 
selected by the P1PLUD, P3PLU, P7PLUD, 
PAPLU registers. Select the output mode at 
the PADIR registers and serial data output 
mode by serial mode register 1 (SCOMD1, 
SC1MD1, SC3MD1). 

These can be used as normal I/O pins when 


the serial interface is not used. 
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Name 


TQFP 48 
Pin No. 


QFP44 
Pin No. 


VO 


Other Function 


Function 


Description 





SBIOA 
SBIOB 
SBI1A 
SBI1B *1 
SBI3 


17 
39 
31 
20 
42 


17 
36 
28 


39 


Input 


PA1, SBIOA, AN1 

P76, SBIOB, SEG1, KEY6 
P16, TM2IO, SBI1A, SEG9 
PA4, AN4, DBI1B 

P31, COM1 


Serial interface 
reception data 
output pins 


Reception data output pins for serial interface 
0, 1, 3. 

Pull-up and pull-down resistors can be 
selected by the P1PLUD, P3PLU, P7PLUD, 
PAPLU registers. Select input mode by the 
P1DIR, P3DIR, P7DIR, PADIR registers and 
serial input mode by the serial mode register 
1 (SCOMD1, SC1MD1, SC3MD1). 

These can be used as normal I/O pins when 


the serial interface is not used. 





SBTOA 
SBTOB 
SBT1A 
SBT1B “1 
SBT3 


18 
40 
32 
22 
43 


18 
37 
29 


40 


VO 


PA2, AN2 

P77, KEY7, SCL4B, SEGO 
P17, TM2OB, SEG8 

PA6, AN6 

P32, SCL3, COM2 


Serial interface 
clock I/O pins 


Clock I/O pins for serial interface 0, 1, 3. 
The output configuration, either COMS push- 
pull or Nch open-drain can be selected at the 
P10DC, P30DC, P7ODC, PAODC registers. 
Pull-up and pull-down registers can be 
selected by the P1PLUD, P3PLU, P7PLUD, 
PAPLU registers. Select clock I/O for each 
communication mode by the P1DIR, P3DIR, 
P7DIR, PADIR, PADIR registers and the 
serial mode register 1 (SCOMD1, SC1MD1, 
SC3MD1) 

These can be used as normal I/O pins when 
the serial interface is not used. 





TXDOA 
TXDOB 
TXDIA 
TXD1B *1 


16 
38 
30 
21 


16 
35 
27 


Output 


PAO, SBOOA, ANO 
P75,SBOOB, SEG2, KEYS 
P15, TMOOB, SBO1B, SEG10 
PAS, ANS, SBO1B 


UART 
transmission data 
output pins 


Transmission data output pin for serial inter- 
face 0, 1 in UART mode 

The output configuration, either COMS push- 
pull or Nch open-drain can be selected at the 
P10DC, P7ODC, PAODC registers. 

Pull-up and pull-down registers can be 
selected by the POPLU, P1PLUD, PAPLU 
registers. Select the output mode at the 
P1DIR, P7DIR, PADIR registers and serial 
data output mode by serial mode register 1 
(SCOMD1, SC1MD1). 

These can be used as normal I/O pins when 
the serial interface is not used. 





RXDOA 
RXDOB 
RXD1A 
RXD1B *1 


17 
39 
31 
20 


17 
36 
28 


Input 


PA1, SBIOA, AN1 

P76, SBIOB, SEG1, KEY6 
P16, TM2IO, SBI1A, SEG9 
PA4, AN4, SBI1B 


UART reception 
data input pins 


Reception data input pin for serial interface 0, 
1 in UART mode. 

Pull-up and pull-down registers can be 
selected by the P1PLUD, P7PLUD, PAPLU 
registers. Select the input mode at the 
P1DIR, P7DIR, PADIR registers and serial 
input mode by serial mode register 1 
(SCOMD1, SC1MD1). 

These can be used as normal I/O pins when 
the serial interface is not used. 








SDA3 
SDA4A 
SDA4B 





44 
13 
39 





41 
13 
36 





Output 





P33, SBBO3, COM3 
P10 
P76, SBIOB, RXDOB, KEY6 





lIC data output 
pins 





Data output pin for serial interface 3, 4 in IIC 
mode. 

The output configuration, Nch open-drain can 
be selected by P1O0DC, P30DC, P7O0DC 
registers and pull-up resistor can be enabled 
by the P1PLUD, P3PLU, P7PLU registers. 
Select output mode by the P1DIR, P3DIR, 
P7DIR registers. 

These can be used as normal I/O pins when 
the serial interface is not used. 
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Name 


TQFP 48 
Pin No. 


QFP44 


Pin No. 


VO 


Other Function 


Function 


Description 





SCL3 
SCL4A 
SCL4B 


43 
14 
40 


40 


37 


Input 


P32, SBT3, COM2 
P11 
P77, KEY7, SBTOB, SEGO 


lIC clock I/O pins 


Clock I/O pin for serial interface 3, 4 in IIC 
mode. 

The output configuration, Nch open-drain can 
be selected by P1O0DC, P30DC, P7O0DC 
registers and pull-up resistor can be enabled 
by the P1iPLUD, P3PLUD, P7PLUD regis- 
ters. Select output mode by the P1DIR, 
P3DIR, P7DIR registers, and select clock I/O 
by the serial mode register 3 (SC3MD1) and 
the serial I/O switching control register 
(SCSEL). 

These can be used as normal I/O pins when 
the serial interface is not used. 





TMOIO 
TM1IO 
TM2IO 
TM3lO 


29 
33 
31 
34 


26 
30 


31 


VO 


P14, RMOUT, SEG11 

P70, KEY0, SEG7 

P16, RXD1A, SBI1A, SEG9 
P71, KEY1, SEG6 


Timer I/O pins 


Event counter clock input pin, timer output 
and PWM signal output pin for 8-bit timer 0 to 
3: 

To use this pin as event clock input, configure 
this as input by the P1DIR register. In the 
input mode, pull-up / pull-down resistors can 
be selected by the P1PLUD, P7PLUD 
register. 

For timer output, PWM signal output, select 
the special function pin by the port 1 output 
mode register (P1OMD) and the port 7 output 
mode register (P7OMD), and set to the 
output mode by the P1DIR, P7DIR registers. 
These can be used as normal I/O pins when 
the serial interface is not used. 





TMO0O 
TM20 
TM20A 
TM20B 


27 


29 


Output 


P50, LEDO 

P70, SBO1A, TXD1A, SEG10 
P52, LED2 

P17, SBT1A 


Timer output pins 


Timer output, PWM signal output pin for 8-bit 
timer 0 and 2. 

To select timer output and PWM signal 
output, select the special function pin by the 
port 5 output mode register (PSOMD) and 
port 7 output mode register (P7OMD), and 
set to the output mode by the P5DIR, P7DIR 
register. 

These can be used as normal I/O pins when 
the serial interface is not used. 





RMOUT 


29 


26 


Output 


P14, TMOIO, SEG11 


Remote control 
transmission 
signal output pins 


Output pin for remote control transmission 
signal with a carrier signal. 

For remote control carrier output, select the 
special function pin by the port 1 output mode 
register (P1OMD) and set to the output mode 
by the P1DIR register. At the same time, 
select remote control carrier output by the 
remote control carrier output control register 
(RMCTR). 

These can be used as normal I/O pins when 
the serial interface is not used. 








BUZZERA 
NBUZZERA 





27 
28 





24 
25 





Output 





P12, TM8IO 
P13, TM7IO, CLKOUT 





Buzzer outputs 





Piezoelectric buzzer driver pin. Buzzer 
output is available. Driving frequency can be 
set by the DLYCTR register. 

The driving frequency can be selected by the 
DLYCTR register. 

To select buzzer output for port 0, select the 
special function pin by the port 1 output mode 
register (P1OMD) and set to the output mode 
by the P1DIR register. At the same time, 
select buzzer output by the oscillation 
stabilization wait control register (DLYCTR). 
These can be used as normal I/O pins when 
the serial interface is not used. 
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Name TOrE — ce VO Other Function Function Description 
Pin No. Pin No. 

TM7IO 28 25 VO P13, NBUZZER, CLKOUT Timer I/O pins Event counter clock input pin, timer output 

TM8IO 27 24 P12, BUZZER and PWM signal output pin for 16-bit timer 
7and 8. 
To use this pin as event clock input, configure 
this as input by the P1DIR register. In the 
input mode, pull-up / pull-down resistors can 
be selected by the P1PLU register. 
For timer output, PWM signal output, select 
the special function pin by the port 1 output 
mode register (P1OMD), and set to the 
output mode by the P1DIR register. 
These can be used as normal I/O pins when 
the serial interface is not used. 

TM70 2 Output | P51, LED1 Timer output pins | Timer output, PWM signal output pin for 16- 

TM80 4 P53, LED3 bit timer 7 and 8. 
To select timer output and PWM signal 
output, select the special function pin at the 
port 5 output mode register (PSOMD) and set 
to the output mode by the P5DIR register. 
These can be used as normal I/O pins when 
the serial interface is not used. 

VREF+ 15 15 - + power supply for | Reference power supply pins for the A/D 

A/D converter converter. 

Normally, the values of Vref, = Vpp is used. 

ANO 16 16 Input PAO, SBOOA, TXDOA Analog input pins | Analog input pins for an 7-channel, 10-bit A/D 

AN1 17 17 PA1, SBIOA, RXDOA converter. 

AN2 18 18 PA2, SBTOA When not used for analog input, these pins 

AN3 19 19 PA3 can be used as normal input pins. 

AN4 *1 20 PA4, SBI1B, RXD1B 

AN5 *1 21 PA5, SBO1A, TXD1B 

ANG *1 22 PA6, SBT1B 

IRQO 24 21 Input P54, ACZO External interrupt | External interrupt input pins. 

IRQ1 25 22 P55, ACZ1 input pins The valid edge for IRQO to 2 can be selected 

IRQ2 26 23 P56 by the IRQnICR register. 
IRQ1 is an external interrupt pin that is able 
to determine AC zero-crossings. Both edge 
for IRQ2 is valid for interrupt. 
When these are not used for interrupts, these 
can be used as normal input pins. 

ACZO 24 21 Input P54, IRQO AC zero-cross An input pin for an AC zero-cross detection 

ACZ1 25 22 P55, IRQ1 detection input circuit. 

pins AC zero-cross detection circuit outputs a high 

level when the input is at an intermediate 
level. It outputs a low level at all other times. 
ACZ input signal is connected to the P54 
(P55) input circuit and the IRQO (IRQ1) 
interrupt circuit. 
When the AC zero-cross detection circuit is 
not used, this pin can be used as a normal 
P54 (P55) input. 

KEYO 33 30 Input P70, TM110, SEG7 Key interrupt input | Input pins for interrupt based on ORed result 

KEY1 34 31 P71, TM3IO, SEG6 pins of pin inputs. 

KEY2 35 32 P72, SEG5 Key input pin for 1 bit can be selected 

KEY3 36 33 P73, SEG4 individually by the key interrupt control 

KEY4 37 34 P74, SEG3 register (KEYT3_1IMD, KEYT3_2IMD). 

KEY5 38 35 P75, SBOOB, TXDOB, SEG2 When not used for KEY input, these pins can 

KEY6 39 36 P76, SBIOB, RXDOB, SDA4B, be used as a normal I/O pins. 

SEG1 

KEY7 40 37 P77, SBTOB, SCL4B, SEGO 

LEDO 1 1 VO P50, TMOOA LED drive pins Large current output pins. 

LED1 2 2 P51, TM70 When not used for LED output, these pins 

LED2 3 3 P52, TM20A can be used as a normal I/O pins. 

LED3 4 4 P53, TM8O 





* | Not available for 44 pin QFP package 
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Name Es saan VO Other Function Function Description 
CLKOUT 28 25 Output | P13, TM71IO, NBUZZER Oscillation clock signal output pin. 
COMO 41 38 Output | P30 LCD common out- | These pins output the common signal with 
COM1 42 39 P31, SBI3 put pin the required timing for the LCD display. 
COM2 43 40 P32, SBT3, SCL3 Connect to the common pins of LCD display 
COM3 44 4 P33, SBO3, SDA3 panel. 
When the LCD display panel is turned off, 
Vgg is output. 
When the LCD functions are unused, they 
can be used as a normal port by setting the 
LCD output control register LCCTR1. 
Vict 45 42 - P36 LCD power pins Supply for LCD power. Apply voltage:3.6 V >= 
Vice 46 43 P35 Vict 2 Vice 2 Vics 2>0V 
Vie 47 44 P34 When the booster voltage circuit is used, 
Vice or Vic pins are selected as the 
reference input pins. When the internal 
voltage divider circuit is used, Vic; pinis 
selected as the reference input pin. 
When the LCD functions are unused, Vi¢3 
can be used as a normal port by setting the 
LCD mode control register 3 (LCDMD3). 
SEGO 40 37 Output | P77, SBTOB, SCL4B, KEY7 LCD segment These pins output the segment signal with 
SEG1 39 36 P76, SBIOB, RXDOB, SDA4B, | output pins the required timing for the LCD display. 
KEY6 Connect to the segment pins of the LCD 
SEG2 38 35 panel. 
SEG3 37 34 P75, SBOOB, TXDOB, KEYS When the LCD display is turned off, Vgg level 
SEG4 36 33 P74, KEY4 is output. 
SEG5 35 32 P73, KEY3 It can be used as a normal port by setting of 
SEG6 34 31 P72, KEY2 the LCD output control register LCCTR1, 
SEG7 33 30 P71, TM3IO, KEY1 LCCTR2, LCCTR3, LCCTR4. 
SEG8 32 29 P70, TM1IO, KEYO Segment pin and normal port are switchable 
SEG9 31 28 P17, TM2OB, SBI1A by each bit from SEGO to SEG11. 
SEG10 30 27 P16, TM2IO, SBI1A, RXD1A 
SEG11 29 26 P15, TMOOB, SBO1A 





* | Not available for 44 pin QFP package 














P14, TMOIO, RMOUT 
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1.4 Block Diagram 





1.4.1 Block Diagram 





XI/P90 
xO 
osci1 
osc2 
Vss 
VpD 


SBT1B/PA6/AN6 
Low-speed High-speed CPU )“— SBT1B/SBO1B/PAS/ANS 
PA4/AN4/RXD1B/SBI1B 


SDA4A,P10 —<— | 
SCL4A,P11 ——p 


Oscillator Oscillator 





NBUZZERIPIATMVIOICLROUT =p all rut saab EASIANS 
SBTOA/PA2/AN2 
SEG11/P14/TMOIO/RMOUT <p 
SEG10/P15/TMOOB/TXD1A/SBO1A ~<ai—B>| ROM RAM RXDOA/SBIOA/PA1/AN1 
SEG9/P16/TM2I0/RXD1A/SBI1A 32 kB 1.5 kB TXDOA/SBOOA/PAO/ANO 


SEG8/P17/SBT1A/TM20B—-— | 


SEG9/P16/TM2I0/RXD1A/SBI1A +] XI/P90 


8-bit Timer 0 Serial Interface 0 


8-bit Timer 1 Serial Interface 1 


8-bit Timer 2 Serial Interface 3 


NRST,P27 ——| 8-bit Timer 3 Serial Interface 4 
SEGO0/P77/KEY7/SBTOB/SCL4B 
SEG1/P76/KEY6/RXDOB/SBIOB/SDA4B 
SEG2/P75/KEY5/TXDOB/SBOOB 
SEG3/P74/KEY4 

SEG4/P73/KEY3 

SEG5/P72/KEY2 
SEG6/P71/KEY1/TM3lO 
SEG7/P70/KEYO/TM11O 


16-bit Timer 7 Time Base Timer 6 


16-bit Timer 8 Watchdog Timer 


External Interrupt LCD 


COMO,P30 —<—p| 
COM1/P31/SBI3 —<i—B> 
COM2/P32/SBT3/SCL3 —«—fa 
COM3/P33/SB03/SDA3—<§— fa 
P34/VLC3 —a3—po— 

P35/VLC2 <-> 

P36/VLC1 <->} 

P37 ——-| 


<I 
By 
4 |< 
> 
i 
° 
a 
© 
fe} 
a 
N 


A/D Converter 





U 
° 

a+ 
a 


Vref* 


P56/IRQ2 


TMOOA/LEDO/P50 
TM7O/LED1/P51 
TM2OA/LED2/P52 
TM8O/LED3/P53 
P54/IRQO0/ACZO 
P55/IRQ1/ACZ1 


Figure:1.4.1 Block Diagram 


* Differs depending upon the model. [ Refer to 1.1.2 Product Summary] 
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1.5 Electrical Characteristics 


This LSI manual describes the standard specification. 


Machine cycle (system clock fs) is described based on the standard mode: 1/2 of high oscillation at NORMAL 
mode, or on the clock frequency: 1/2 of low oscillation at SLOW mode. Please ask our sales offices for the prod- 


uct specifications. 





Model MN101C78A 





Structure CMOS integrated circuit 





Contents Application | General purpose 











Function CMOS, 8-bit, single chip micro controller 
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1.5.1 Absolute Maximum Ratings *2,*3 


Ta=-40°C to +85°C 










































































Parameter Symbol Rating Unit 
1 Power supply voltage Vpp -0.3 to +4.6 V 
2 | Input clamp current Ic -400 to +400 HA 
3. | Input pin voltage Vv; -0.3 to Vpp + 0.3 
4 | Output pin voltage Vo -0.3 to Vpp + 0.3 Vv 
5 {1/0 pin voltage Vio1 -0.3 to Vpp + 0.3 (except ACZ) 
6 Bog lot (Peak) — | 30 
7 Peak output current sae lois (peak) 10 
to P53 
8 All pins | lox (peak) -10 
9 Beg” [lot va) ‘| 20 A 
Average output Other 
10 | current *1 than P50 | lo,2 (avg) 5 
to P53 
11 All pins | lon (avg) 5 
12 | Total output current *1 IToL 60 
13 ITOH -60 
14 | Power dissipation Pr 400(Ta=+85°C) mW 
16 | Storage temperature Tstg -55 to +125 























| Applied to any 100-ms period. 


*2 Connect at least one bypass capacitor of 0.1 uF or larger between the power supply pin and the 
ground for latch-up prevention. 


*3 The absolute maximum ratings are the tolerance for the LSI to be operated properly. It does not 
guarantee the operation. 
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Ta=-40°C to +85°C 


Operating Conditions [NORMAL mode:fs=fosc/2, SLOW 
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Rating 
Parameter Symbol | Conditions Unit 
MIN TYP |MAX 
Power supply voltage *4 
fosc < 10.0 MHz 
V 7 
: Be [Double-speed mode:fs=fosc] an oe 
fosc < 8.5 MHz 
Vv 2 
: pp? [Double-speed mode:fs=fosc] eu 26 
3 Mask ROM version V fosc < 4.25 MHz 18 : 36 
Power supply voltage EDS [Normal mode:fs=fosc] , , 
fosc < 4.25 MHz 
Vv a 
as pps [Normal mode:fs=fosc/2] ie 36 
fx = 32.768 kHz 
: Vops [Normal mode:fs=fx/2] 8 : a6 
fosc < 5 MHz 
Vv - 
3 Bee [Double-speed mode:fs=fosc] 20 36 _ 
fosc < 4.25 MHz 
Vv 7 
f DDr. [Double-speed mode:fs=fosc] of 36 
8 Flash EEPROM version V fosc < 10 MHz 3.0 - 36 
Power supply voltage pps [Normal mode:fs=fosc/2] 5 , 
fosc < 8.5 MHz 
Vv - 
2 DDe [Normal mode:fs=fosc/2] ot 36 
fx = 32.768 kHz 
0 Vop10 [Normal mode:fs=fx/2] ee ; ae 
11 a tomatntan BAM epi |hAPSTOR mode here ive 3.6 
Operation speed *5 
Vpp=3.0 to 3.6 V 
12 t 0.100 |- 
gh [Double speed mode:fs=fosc] 
Vpp=2.7 to 3.6 V 
13 t 11 . 2 
a [Double speed mode:fs=fosc] one 
: . : Vpp=1.8 to 3.6 V 
14 || t 2 : - 
nstruction execution time 3 (Dolible:speedimoue tectosd] 0.235 Us 
Vpp=1 .8 to 3.6 V 
1 t 470 |- - 
5 aa [Normal mode:fs=fosc/2] oe 
Vpp=1 .8 to 3.6 V 
t - : 
#0 » [Normal mode:fs=fx/2] ao en 
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Overview 
*4 fosc Input clock frequency to OSC1 pin 
fx Input clock frequency to XI pin 
*S te1 tO tea OSC1 is the CPU clock. 
tes XI is the CPU clock. 
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Overview 
Vpp=1.8V to 3.6V Vss=0V 
Ta=-40°C to +85°C 
Rating 
Parameter Symbol | Conditions Unit 
MIN TYP MAX 

Crystal oscillator 1 Figure:1.5.1 

17 Vpp=Within operation power sup- 

18 | Crystal frequency fetal ply voltage (Refer to standard rat- | 1.0 : 10.0 |MHz 
19 ings B1 to B5.) 

20 , Cry - 20 - 

External capacitors pF 

21 Cro - 20 : 

22 | Internal feedback resistor Rito - 1.2 - MQ 
Crystal oscillator 2 Figure:1.5.2 

23 | Crystal frequency fytalo Vpp=1.8 V to 3.6 V - 32.768 | - kHz 
24 ; Coy - 20 2 

External capacitors pF 

25 Coo - 20 = 

26 | Internal feedback resistor Ri20 - 17.6 - MQ 

osc ; xl . 
Typ Typ 
Rio Rieo co 





























osc2 




















LAE LLL 
Internal Feedback resistor 


Figure:1.5.1 Crystal oscillator 1 























XO 








C22 











C21 





Internal Feedback resistor 


Figure:1.5.2 Crystal oscillator 2 





Connect external capacitors that suits the used pin. When crystal oscillator or ceramic oscil- 
lator is used, the frequency is changed depending on the condenser rate. Therefore, consult 
the manufacturer of the pin for the appropriate external capacitor. 
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Vpp=1.8V to 3.6V Vos=0V 


Ta=-40°C to +85°C 
















































































Rating 
Parameter Symbol | Conditions Unit 
MIN TYP |MAX 
External clock input 1 OSC1 (OSC2 is unconnected) 
27 | Clock frequency fosc 1.0 - 10.0 |MHz 
28 | High level pulse width *6 twnt 90 - 7 
- Figure:1.5.3 
29 | Low level pulse width *6 twit 90 7 + 
ns 
30 | Rising time t - - 10 
a Figure:1.5.3s 
31 | Falling time twet - - 10 
External clock input 2 XI (XO is unconnected) 
32 | Clock frequency fx 32.768 | - 100 kHz 
33 | High level pulse width *6 twhe ; 4.5 - - 
Figure:1.5.4 us 
34 | Low level pulse width *6 twie 4.5 - - 
35 | Rising time *7 t - - 20 
z = Figure:1.5.4 ns 
36 | Falling time *7 tw - - 20 





*6 The clock duty rate in the standard mode should be 45% to 55%. 
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opens Gene tne re tere nets Cnet eee Sere eer e cere) Soccer rr eree 0.9VDD 
pub aigadeeds proc) oiieesvacdieeidebacdeausede fa: ncsacaye anesseiideceetajcseeciadedels QT YDD 
! < twh1 > < twit > 
, | twr1 | | twft 
< twe1 > 
Figure:1.5.3 OSC1 Timing Chart 
Os Ce eee eee eee 0.9VDD 
SE Coe ee oe 0.1VDD 
twh2 > < twl2 > 
= | : twf2 
< twc2 > 


Figure:1.5.4 XI Timing Chart 
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1.5.3 DC Characteristics 


Ta=-40°C to +85°C 





Rating 
Parameter Symbol | Conditions Unit 
MIN TYP |MAX 


Power supply current *7 [ NORMAL mode: fs=fosc/2 SLOW mode:fs=fx/2] 


fosc=10 MHz 
1 Ipp1 [Double-speed mode:fs=fosc] - 2.5 5.5 
Vpp=3.0 V 


fosc=8.5 MHz 
2 Ipp2 [Double-speed mode:fs=fosc] 
Vpp=3.0 V 


Ipp3 fosc=4.25 MHz 
3 [Double-speed mode:fs=fosc] - 1.0 2.2 mA 
Vpp=3.0 V 


Ipp4 fosc=8.5 MHz 
[Normal mode:fs=fosc/2] - 1.2 2.6 
Vpp=3.0 V 


Ipps fosc=4.25 MHz 

5 [Normal mode:fs=fosc/2] - 0.6 1.4 

Vpp=3.0 V 

fx=32.768 kHz Vpp=3.0 V 

| BD - 4 15 

: DDS [fs=fx/2] Ta=25 °C 

7 fx=32.768 kHz Vpp=3 V ; ; 50 
BPE [fs=fx/2] Ta=85 °C 

fosc=5 MHz 

8 Ippg [Double-speed mode:fs=fosc] - 2.4 t.b.d 

Vpp=3-3 V 


fosc=4.25 MHz 
9 Ipp9 [Double-speed mode:fs=fosc] : 2.1 t.b.d 
Vpp=3.0 V 


Ipp10 fosc=10 MHz 
10 | Flash EEPROM version [Normal mode:fs=fosc] - - t.b.d 
Power supply current Vpp=3.3 V 
Ipp11 fosc=8.5 MHz 
11 [Normal mode:fs=fosc/2] - 2.3 t.b.d 
Vpp=3.0 V 

fx=32.768 KHZ Vpp=3.0 V 
ie D012 | ftsefx/2] Ta=25 °C ; ; ted 
fx=32.768 kHz Vpp=3 V 


1 l : : tb.d 
2 DD13 | Ifs=fx/2] Ta=85 °C 

















2.0 4.0 














Mask ROM version 
Power supply current 














HA 

















mA 


























HA 
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Vpp=1.8V to 3.6V Vss=0V 


Ta=-40°C to +85°C 


















































Rating 

Parameter Symbol | Conditions Unit 
MIN TYP MAX 

fx=32.768 KHZ Vpp=3 .0V HA 
14 | Supply current during Ipp14 Ta=25 °C : v 4 
HALT1 mode 
ce fx=32.768 kHz Vpp=3.0 V ; ; a 
pee Ta=85 °C (fosc stop) 
16 | Supply current during STOP | !nD16 Vpp=3 V Ta=25 °C : 2 
17 mode Ipp17 Vpp=3 V Ta=85 °C - = 30 








*7 Measured under conditions without load, Ta=25°C. (pull-up / pull-down resistors are unconnected.) 


¢ The supply current during operation, Ipp, to Ipps5 and Ippg to Ipp); are measured under the 
following conditions: 
After all I/O pins are set to input mode and the oscillation is set to <NORMAL mode>, the MMOD 
pin is at Vg level, the input pins are at Vpp level, and a 10 MHz (8.50 MHz, 5 MHz, 4.25 MHz) 


square wave of Vpp and Vgg amplitudes is input to the OSC1 pin. 


The supply current during operation, Ipp¢, Ipp7. and Ippj2, Ipp13 are measured under the following 
conditions: 

After all I/O pins are set to input mode and the oscillation is set to <SLOW mode>, the MMOD pin 
is at Vgg level, the input pins are at Vpp level, and a 32.768 kHz square wave of Vpp and Vgg 


amplitudes is input to the XI pin. 


The supply current during HALT1 mode, Ippj4, Ippi5 are measured under the following conditions: 


After all I/O pins are set to input mode and the oscillation is set to <HALT mode>, the input pins are 
at Vpp level, and an 32.768 kHz square wave of Vpp and Vgg amplitudes is input to the XI pin. 


The supply current during STOP mode, Ippj6 . Ipp17 are measured under the following conditions: 
After the oscillation is set to <STOP mode>, the MMOD pin is at Vgg level, the input pins are at 
Vpp level, and the OSC1 and XI pins are unconnected. 
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Vpp=1.8V to 3.6V Vos=0V 


Ta=-40°C to +85°C 












































































































































Pull-up resistor ON 














Rating 
Parameter Symbol | Conditions Unit 
MIN TYP |MAX 
Input pin 1 MMOD 
18 | Input high voltage 1 Vind 0.8Vpp | - Vpp y 
19 | Input low voltage 1 Vint 0 - 0.2Vpp 
20 | Input leakage current ILK1 V\=0 V to Vpp - - +2 HA 
Input pin 2 P54 (Schmitt trigger input) 
21 | Input high voltage Vine 0.8Vpp | - Vpp yi 
22 | Input low voltage Vite 0 - 0.2Vpp 
23 | Input leakage current ILKo V\=0 V to Vpp - - +2 HA 
24 | Pull-up resistor InH2 eee 30 100 |300 ka 
25 | Output high voltage Vou2 Vpp=3.0 V Igy=-2.0 mA 2.4 - : ‘ 
26 | Output low voltage VoL2 Vpp=3.0 V Io, =2.0 mA 3 : 0.4 
Input pin 3 P55 (Schmitt trigger input) 
27 | Input high voltage Ving 0.8Vpp | - Vpp iy 
28 | Input low voltage ViL3 0 - 0.2Vpp 
29 | Input leakage current ILK3 V\=0 V to Vpp - +2 LA 
30 | Pull-up resistor IRH3 ee eet 30 100  |300 ka 
31 | Output high voltage Vou3 Vpp=3.0 V Ioy=-2.0 mA 2.4 - - 
32 | Output low voltage VoL3 Vpp=3.0 V Io, =2.0 mA 7 2 0.4 
Input pin 4 P54, P55 (Used as ACZ ) 
33 VbLH42 - - 1.9 
High level detection voltage 
34 VDHL42— | Vpp=3.0 1.1 : : y 
35 ; VpHH4a2_ | Figure:1.5.5 2.7 7 7 
36 Low level detection voltage Wenes : = Ou 
37 | Input leakage current IK42 V,=0 V to Vpp e : +92 
38 | Input clamp current Ica2 Vi>Vpp V,<0V 2 : +400 ue 
Input pin 5 P27 (NRST) 
39 | Input high voltage Vins 0.8Vpp | - Vpp a 
40 | Input low voltage Vics 0 - 0.15Vpp 
41 | Pull-up resistor IRHS Le eg 30 100 {300 ka 
I/O pin 6 P10 to P17, P70 to P77 (Schmitt trigger input) 
42 | Input high voltage Vine 0.8Vpp | - Vpp . 
43 | Input low voltage Vite 0 - 0.2Vpp 
44 | Input leakage current ILK6 V\=0 V to Vpp = - +2 uA 
45 | Pull-up resistor IRH6 Voo=3.0 ViFVss 30 100 | 300 kQ 
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Overview 
Vpp=1.8V to 3.6V Vos=0V 
Ta=-40°C to +85°C 
Rating 
Parameter Symbol | Conditions Unit 
MIN TYP |MAX 
Vpp=3.0 Vi=V 
’ : | DD =YDD 
46 | Pull-down resistor RL6 Bull:dewn redistor ON 30 100 300 kQ 
47 | Output high voltage Vous Vpp=3-0 Igy=-2.0 mA 2.4 : P j 
48 | Output low voltage Vote Vpp=3.0 Io. =2.0 mA : - 0.4 
I/O pin 7 P56, PAO to PA6, P30 to P37 (Schmitt trigger input) 
49 | Input high voltage ViH7 0.8Vpp | - Vpop , 
50 | Input low voltage ViL7 0 a 0.2Vpp 
51 | Input leakage current Ik7 Vi=0 V to Vpp . 7 +2 yA 
; Vpp=3.0 Vi=Vss 
- | 
52 | Pull-up resistor RH7 Pull-up resistor ON 30 100 300 kQ 
53 | Output high voltage Vou7 Vpp=3.0  Ioy=-2.0 mA 2.4 - - 
Vv 
54 | Output low voltage VoL7 Vpp=3-0  Io,=-2.0 mA - - 0.4 
I/O pin 8 P50 to P53 (Schmitt trigger input) 
55 | Input high voltage Vins 0.8Vpp | - Vpp v 
56 | Input low voltage Vitg 0 - 0.2Vpp 
57 | Input leakage current ILks V,=0 V to Vpp i é +2 uA 
Vpp=3.0 Vi=V. 
‘ F | DD I=Yss 
58 | Pull-up resistor RH8 Pull-up resistor ON 30 100 300 kQ 
59 | Output high voltage Vous Vpp=3.0 Ioy=2.0 mA 2.4 - - 
Output low voltage 
V Vpp=3.0 Io, =2.0 mA - : 
eo (output at 2 mA) me pers fossa nas u 
61 Output low voltage Vv 8 Gl A Od 
(output at 8 mA) ket BD= YS OLEe wm ; 
Display output pin 1 COMO to COM3 
62 | Output impedance Zocom1 | Vpp=3-9 locu=10 HA p Y 0.6 Vv 
Display output pin 2 SEGO to SEG11 
63 | Output impedance Zosea1 | Vpp=3-0 locm=2 HA : Z 0.6 V 
Display power pin 1 Vicy, Vice. Vic3 
64 Ryu Ta=+25°C 142.5 | 285 570 
65 | Internal dividing resistor VvL2 re Between Vici, Vss) [45 30 60 kQ 
































*8 However, COMO to COMB are also used as P30 to P33. 
*9 However, SEGO to SEG11 are also used as P14 to P17 and P70 to P77. 


“10 The summation of 3 resistors among Vic; and Vico, Vice and Vic3, Vicg and Vgs. 
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1.5.4 A/C Converter Characteristics 


Ta=-40°C to +85°C 












































Rating 
Parameter Symbol | Conditions Unit 
MIN TYP | MAX 
ACZ pin 
1 Rising time ts 30 = = 
Figure:1.5.5 us 
2 Falling time tis 30 - - 





—_ trs—>., 


Input voltage level 2 


Input voltage level 1 





(Output) |: 


i+ lis—, 


Figure:1.5.5 XI Timing Chart 
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Ta=-40°C to +85°C 


A/D Converter Characteristics 
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Rating 
Parameter Symbol | Conditions Unit 
MIN TYP MAX 
1 Resolution - - 10 Bits 
2 | Non-linearity error 1 Vpp=3.0 V Vgsg=0 V : 7 +3 
3 _ | Differential non-linearity Vrer+=3.0 V : ; ns LSB 
error 1 Tap=800 ns ~ 
4 Zero transition voltage Vpp=3.0 V Vgg=0 V 7 30 100 
i V =3.0 V mV 
Full-scale transition REF+ 
5 voltage Tap=800 ns 2900 | 2970 | - 
6 Tap=800 ns 12.25 = . 
A/D conversion time Z = 
7 fx=32.768 kHz, Tap=15.26 ; ; 778.34 
ms 
ms 
8 Tap=800 ns 1.6 = 14.4 
Sampling time fx=32.768 kHz, Tap=15.26 
9 Rog Ne ADS: 30.52 | - 274.68 
ms 
10 | Reference voltage VREF+ - 2.0 - Vpp 
V 
11 | Analog input voltage - Neg lie VREF+ 
3 Analog input leakage When channel is OFF ; i +42 
current Vapin=0 V to 3 V = 
; HA 
13. | Reference voltage pin When Vrer, is OFF ; ; io 
input leakage current VoegSVREFLSV DD ~ 
14 | Ladder resistance Riapp | Vrery=3-0 V Vgg=0 V 10 30 60 kQ. 








“11 


TAD is A/D converter clock cycle. 
The values of 2 to 5 are guaranteed on the condition that Vpp=Vref,=3-0 V, Vgg=0 V. 
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1.6 Package Dimension 


Package code: TQFP048-P-0707B Units: mm 


9.00 00.20 











9.00 20.20 









Sf 





mORMOoOHAnRnaASa 





SEATING PLANE 


Figure:1.6.1 Package Dimension 





The external dimensions of the package are subject to change. Before using this product, 
| please obtain product specifications from the sales offices. 
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1.7 Cautions for Circuit Setup 


1.7.1 General Usage 





HM Connection of Vpp pin and Vgg pin 


All of the VDD and VSS pins should be connected directly to the power source and ground in the external. Put 
them on printed circuit board after the location of LSI (package) pin is confirmed. Connection error may lead a 
fusion and breakdown of a micro controller. 


™ Cautions for Operation 


1. If you install the product close to high-field emissions (under the cathode ray tube, etc.), shield the package 
surface to ensure normal performance. 


2. Operation temperature should be well considered. Each product has different condition. For example, if the 
operation temperature is over the condition, improper operation could be occurred. 
3. Operation voltage should be also well considered. Each product has different operating range. 


e If the operation voltage is over the operating range, duration of the product could be shortened. 


e If the operation voltage is below the operating range, improper operation could be occurred. 
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1.7.2 Unused pins 
| 


m Unused Pins (only for input) 
Insert some 10 kQ resistor to unused pins (only for input) for pull-up or pull-down. 


If the input is unstable, Pch transistor and Nch transistor of input inverter are on, and through current goes to the 
input circuit. That increases current consumption and causes power supply noise. 


Input Pin 
some 10kQ  |nput 
Input 
some 10 kQ 
Input Pin 


Figure:1.7.1 Unused Pins (only for input) 


Current a— Through Current 


Pch 
Input Pin 
Input 
Nch 
0 3 Input Voltage 


(VDD=3 V) 
Input Inverter Characteristics 





Input Inverter Organization 


Figure:1.7.2 Input Inverter Organization and Characteristics 
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@ Unused Pins (for I/O) 


Unused I/O pins should be set according to pins’ condition at reset. If the output is high impedance (Pch / Nch 
transistor: output off) at reset, to stabilize input, set some 10 kQ resistor to be pull-up or pull-down. If the output 
is on at reset, set them open. Pins used as both LCD and port pins should be set to open to be used as LCD output 
pins. 







Output Control 
some 10 kQ 


Output Control 










Output OFF Output OFF 





Data Data 






some 10 kQ 
Input 


Output OFF Output OFF 


Data 





some 10 kQ 


some 10 kQ 


Figure:1.7.3 Unused I//O Pins (high impedance output at reset) 
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1.7.3 Power Supply 
ae eae] 


M@ The Relation between Power Supply and Input Pin Voltage 


Input pin voltage should be supplied only after power supply is on. If this order is reversed the destruction of 
micro controller by a large current flow could be occurred. 


Input Input Protection Resistance 


Forward current generates 
N (Vbb) 


Figure:1.7.4 Vpp and Input Pin Voltage 


Mm The Relation between Vpp and Reset Input Voltage 


After power supply is on, reset pin voltage should be low for sufficient time before rising, in order to be recog- 


nized as a reset signal. 


[Refer to Chapter 1. 1.1.2 Product Summary] 


Power Voltage __ 










Reset Input Voltage 


Reset pins 
Low Level > 
Under Input Voltage 





Enough time is necessary to recognize as reset. 


Figure:1.7.5 Power Supply and Reset Input Voltage 
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1.7.4 Power Supply Circuit 
| 
M Cautions for Setting Circuit with Vop 


The MOS logic such a microcomputer is high speed and high density. So, the power circuit should be designed, 
taking into consideration of AC line noise, ripple caused by LED driver. 


Figure:1.7.6 shows an example for a circuit with Vpp (Emitter follower type). 


@ An Example for a Circuit with Vpp (Emitter follower type) 


Set condensors for noise-filter near 
microcomputer power pins. 


VDD 


Microcomputer 


Vss 





For Noise-filter 


Figure:1.7.6 An Example for a Circuit of Vpp Supply (Emitter follower type) 
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2.1 


Overview 





The MN101C CPU has a flexible and optimized hardware configuration. It is a high speed CPU with a simple and 
efficient instruction set. Specific features are as follows: 


1. Minimized code sizes with instruction lengths based on 4-bit increments: 
The series keeps code sizes down by adopting a basic instruction length of one byte and variable instruction 
lengths based on 4-bit increments. 


2. Minimum execution instruction time is one system clock cycle. 


3. Minimized register set that simplifies the architecture and supports C language: 
The instruction set has been determined, depending on the size and capacity of hardware, after on analysis of 
embedded application programing code and creation code by C language compiler. Therefore, the set is simple 
instruction using the minimal register set required for C language compiler. 
[" MN101C LSI User's Manual" (Architecture Instructions) ] 


Table:2.1.1 Basic Specifications 





Structure 


Load / store architecture 





Six registers 


Data : 8-bit x 4 
Address : 16-bit x 2 











Instruction length 


Others PC : 19-bit 
PSW : 8-bit 
SP : 16-bit 
Instructions Number of instructions 37 
Addressing modes 9 


Basic portion : 1 byte (min. 
Extended portion : 0.5-byte x n (O£n£9) 



































Basic Internal operating frequency (max) 10 MHz 
performance 
Instruction execution Min. 1 cycle 
Inter-register operation Min. 2 cycle 
Load / store Min. 2 cycle 
Conditional branch 2 to 3 cycles 
Pipeline 3-stage (instruction fetch, decode, execution) 
Address space 256 KB (max. 64 KB for data) 
Instruction/data space 
External bus Address 18-bit 
Data 8-bit 





Minimum bus cycle 


1 system clock cycle 





Interrupt 








Vector interrupt 





3 interrupt levels 
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Low-power con- 
sumption mode 


STOP mode 








HALT mode 
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2.1.1 


Block Diagram 
ee 





Data registers 
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Figure:2.1.1 CPU Block Diagram 


Table:2.1.2 Block Diagram and Function 





Clock generator 


Uses a clock oscillator circuit driven by an external crystal or ceramic resonator 
to supply clock signals to CPU blocks. 





Program counter 


Generates addresses for the instructions to be inserted into the instruction 
queue. Normally incremented by sequencer indication, but may be set to branch 
destination address or ALU operation result when branch instructions or 
interrupts occur. 





Instruction queue 


Stores up to 2 bytes of pre-fetched instructions. 





Instruction decoder 


Decodes the instruction queue, sequentially generates the control signals 
needed for instruction execution, and executes the instruction by controlling the 
blocks within the chip. 





Instruction 
execution controller 


Controls CPU block operations in response to the result decoded by the 
instruction decoder and interrupt requests. 





ALU 


Executes arithmetic operations, logic operations, shift operations, and calculates 
operand addresses for register relative indirect addressing mode. 





Internal ROM, RAM 


Assigned to the execution program, data and stack region. 





Address register 








Stores the addresses specifying memory for data transfer. Stores the base 
address for register relative indirect addressing mode. 
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Data register 


Holds data for operations. Two 8-bit registers can be connected to form a 16-bit 
register. 





Interrupt controller 


Detects interrupt requests from peripheral functions and requests CPU shift to 
interrupt processing. 





Bus controller 


Controls connection of CPU internal bus and CPU external bus. Includes bus 
usage arbitration function. 








Internal peripheral 
functions 





Includes peripheral functions (timer, serial interface, A/D converter, D/A 
converter, etc.). Peripheral functions vary depending on the model. 
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2.1.2 


This LSI locates the peripheral circuit registers in memory space (Ox03F00 to 0OxO3FFF) with memory mapped I/ 


CPU Control Registers 


O. CPU control registers are also located in this memory space. 


Table:2.1.3 CPU Control Registers 





























data on interrupt process) 





Registerss Address R/W Function Pages 
CPUM 0x03F00 R/W CPU mode control register 11-24 

| I-28 
MEMCTR 0x03F01 R/W Memory control register Il-20 
NMICR 0x03FE1 R/W Non - maskable interrupt control register | Ill-19 
xxxlCR Ox03FE2 R/W Maskable interrupt control register IIl-20 to 40 

pees 

Reserved OxO3FFF | - Reserved ( For reading interrupt vector 





*1 apart of bit is for read only 
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2.1.3 Instruction Execution Controller 
95 SSS TM | 


The instruction execution controller consists of four blocks: memory, instruction queue, instruction registers, and 
instruction decoder. 


Instructions are fetched in 1-byte units, and temporarily stored in the 2-byte instruction queue. Transfer is made in 
1-byte or half-byte units from the instruction queue to the instruction register to be decoded by the instruction 
decoder. 











Memory 














§~ 


15 0 


| 1 byte or a half byte 


Instruction register Lee ees 


Instruction decoder o Instruction decoding 


CPU control signals 











Instruction queue 





Figure:2.1.2 Instruction Execution Controller Configuration 
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2.1.4 Pipeline Process 
TT 


Pipeline process means that reading and decoding are executed at the same time on different instructions, then 
instructions are executed without stopping. Pipeline process makes instruction execution continual and speedy. 
This process is executed with instruction queue and instruction decoder. 


Instruction queue is buffer that fetches the second instruction in advance. That is controlled to fetch the next 
instruction when instruction queue is empty at each cycle on execution. At the last cycle of instruction execution, 
the first word (operation code) of executed instruction is stored to instruction register. At that time, the next oper- 
and or operation code is fetched to instruction queue, so that the next instruction can be executed immediately, 
even if register direct (da) or immediate (imm) is needed at the first cycle of the next instruction execution. But on 
some other instruction such as branch instruction, instruction queue becomes empty on the time that the next 
operation code to be executed is stored to instruction register at the last cycle. Therefore, only when instruction 
queue is empty, and direct address (da) or immediate data (imm) are needed, instruction queue keeps waiting for a 
cycle. 


Instruction queue is controlled automatically by hardware so that there is no need to be controlled by software. 
But when instruction execution time is estimated, operation of instruction queue should be into consideration. 
Instruction decoder generates control signal at each cycle of instruction execution by micro program control. 
Instruction decoder uses pipeline process to decode instruction queue at one cycle before control signal is needed. 


2.1.5 Registers for Address 


Registers for address include program counter (PC), address registers (AO, Al), and stack pointer (SP) 
M@ Program Counter (PC) 


This register gives the address of the currently executing instruction. It is 19 bits wide to provide access to a 256 
KB address space in half byte(4-bit increments). The LSB of the program counter is used to indicate half byte 
instruction. The program counter after reset is stored from the value of vector table at the address of 0x04000. 
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Program 


Be counter 











Figure:2.1.3 Program Counter 
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m Address Registers (AO, A1) 


These registers are used as address pointers specifying data locations in memory. They support the operations 
involved in address calculations (i.e. addition, subtraction and comparison). Those pointers are 2 bytes data. 
Transfers between these registers and memory are always in 16-bit units. Either odd or even address can be trans- 
ferred. At reset, the value of address register is undefined. 


15 0 


{ 


| 
A 


Figure:2.1.4 Address Registers 


@ Stack Pointer (SP) 


This register gives the address of the byte at the top of the stack. It is decremented during push operations and 
incremented during pop operations. Ar reset, the value of SP is undefined. 


15 0 


Stack pointer 


Figure:2.1.5 Stack Pointer 


2.1.6 Registers for Data 
OO —CSCSCSCSCSCiéC 


Registers for data include four data registers (DO, D1, D2, D3). 
m Data Registers (DO, D1, D2, D3) 


Data registers DO to D3 are 8-bit general-purpose registers that support all arithmetic, logical and shift operations. 
All registers can be used for data transfers with memory. 


The four data registers may be paired to form the 16-bit data registers DWO (D0+D1) and DW1 (D2+D3). At 
reset, the value of Dn is undefined. 


15 87 0 


Data register 


Figure:2.1.6 Data Registers 
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2.1.7 Processor Status Word 
OT i 


Processor status word (PSW) is an 8-bit register that stores flags for operation results, interrupt mask level, and 
maskable interrupt enable. PSW is automatically pushed onto the stack when an interrupt occurs and is automati- 
cally popped when return from the interrupt service routine. 


™@ Processor Status Word(PSW) 

Table:2.1.4 Processor Status Word(PSW) 
bp 
Flag 
































At reset 


Description 


Reserved Set always to "0". 





Maskable interrupt enable 
MIE 0: All maskable interrupts are disabled. 
1: (xxxLVn,xxxlE) for each interrupt is enabled. 





IM1 Interrupt mask level 
IMO Controls maskable interrupt acceptance. 





Overflow flag 
VF 0: Overflow did not occur. 
1: Overflow occurred. 


Negative flag 
0: MSB of operation results is "0". 
1: MSB of operation results is "1". 





Carry flag 
0: A carry or a borrow from MSB did not occur. 
1: A carry or a borrow from MSB occurred. 





Zero flag 
0: Operation result is not "0". 
1: Operation result is "0". 
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M@ Zero Flag (ZF) 
Zero flag (ZF) is set to "1", when all bits are '0' in the operation result. Otherwise, zero flag is cleared to "0". 
M@ Carry Flag (CF) 


Carry flag (CF) is set to "1", when a carry from or a borrow to the MSB occurs. Carry flag is cleared to "0", when 
no carry or borrow occurs. 


M@ Negative Flag (NF) 


Negative flag (NF) is set to "1" when MSB is '1' and reset to "0" when MSB is '0'. Negative flag is used to handle 
a signed value. 


M@ Overflow Flag (VF) 


Overflow flag (VF) is set to "1", when the arithmetic operation results overflow as a signed value. Otherwise, 
overflow flag is cleared to "0". Overflow flag is used to handle a signed value. 


@ Interrupt Mask Level (IM1 and IMO) 


Interrupt mask level (IM1 and IMO) controls the maskable interrupt acceptance in accordance with the interrupt 
factor interrupt priority for the interrupt control circuit in the CPU. The two-bit control flag defines levels '0' to 
'3'. Level 0 is the highest mask level. The interrupt request will be accepted only when the level set in the inter- 
rupt level flag (xxxLVn) of the interrupt control register (xxxICR) is higher than the interrupt mask level. When 
the interrupt is accepted, the level is reset to IM1-IMO, and interrupts whose mask levels are the same or lower are 
rejected during the accepted interrupt processing. 


Table:2.1.5 Interrupt Mask Level and Interrupt Acceptance 




















Interrupt mask level Priority Acceptable interrupt level 
IM1 IMO 
Mask level 0 0 0 Highest Non-maskable interrupt (NMI) only 
Mask level 1 0 1 High NMI, level 0 
Mask level 2 1 0 Low NMI, level 0 to 1 
Mask level 3 1 1 Lowest NMI, level 0 to 2 























@ Maskable Interrupt Enable (MIE) 


Maskable interrupt enable flag (MIE) enables/disables acceptance of maskable interrupts by the CPU's internal 
interrupt acceptance circuit. A ''l' enables maskable interrupts; a '0' disables all maskable interrupts regardless of 
the interrupt mask level (IM1-IMO) setting in PSW. This flag is not changed by interrupts. 
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2.1.8 


Address Space 


The address space of this LSI is 256 KB. (max.) The instruction and data areas are not separated. 

The instruction area can be used as linear address space. The data area needs bank specification in every 64 KB. 
(The initial value is first 64 KB space). The data described in this section includes RAM data and ROM table data. 
The data area consists of an area of 256 bytes that supports efficient access with RAM short addressing and an 
area of 256 bytes that supports efficient access with I/O short addressing. 
The memory control register controls memory to be expanded. 
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4 A 256B nba RAM short addressing area 
0x00100 
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Figure:2.1.7 Address Space 
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2.1.9 Addressing Modes 
—_— a ee | 


This LSI supports the nine addressing modes. 
Each instruction uses a combination of the following addressing 
1) Register direct 

2) Immediate 

3) Register indirect 

4) Register relative indirect 

5) Stack relative indirect 

6) Absolute 

7) RAM short 

8) I/O short 

9) Handy 


These addressing modes are well-suited for C language compilers. All of the addressing modes can be used for 
data transfer instructions. In modes that allow half-byte addressing, the relative value can be specified in half-byte 
(4-bit) increments, so that instruction length can be shorter. Handy addressing reuses the last memory address 
accessed and is only available with the MOV and MOVW instructions. Combining handy addressing with abso- 
lute addressing reduces code size. For transfer data between memory, 8 addressing modes; register indirect, regis- 
ter relative indirect, stack relative indirect, absolute, RAM short, I/O short, handy can be used. For operation 
instruction, register direct and immediate can be used. Refer to instruction's manual for the MNIOIC series. 


This LSI is designed for 8-bit data access. It is possible to transfer data in 16-bit increments 
with odd or all even addresses. 
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Effective address 


Addressing mode 













Dn/DWn 
An/SP 
PSW 


imm4/imm8& 
imm16 


Register direct 


Immediate 


Register indirect 


(d16, An) 





Register relative 
indirect 














(d4, PC) 17 0H 
oe er 
: (branch instructions only) PC+d4 iH 
cau 
(d7, PC) 17 OH 
i F F PPC 7 
; (branch instructions only) a LU <4 
(d11, PC) 17 OH 
[PCH i sd 


(branch instructions only) 





4 
(d12, PC) 17 OH 
i : : Po PCH 
: (branch instructions only) Porte LU 7 
(d16, PC) 17 0 








(branch instructions only’ 


) 





SP+d4 










Stack relative 


SP+d8 
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0 
SP+d16 


(d16, SP) 


- Directly specifies the register. Only internal 
registers can be specified. 


Explanation 


Directly specifies the operand or mask 
value appended to the instruction code. 


Specifies the address using an address 
register. 


Specifies the address using an address 
register with 8-bit displacement. 
Specifies the address using an address 
register with 16-bit displacement. 
Specifies the address using the program 
counter with 4-bit displacement and H bit. 


Specifies the address using the program 


counter with 7-bit displacement and H bit. 
Specifies the address using the program 
counter with 11-bit displacement and H bit. 
Specifies the address using the program 
counter with 12-bit displacement and H bit. 


Specifies the address using the program 
counter with 16-bit displacement and H bit. 





Specifies the address using the stack 
pointer with 4-bit displacement. 


indirect 15 0 


Specifies the address using the stack 
pointer with 8-bit displacement. 


Specifies the address using the stack 
pointer with 16-bit displacement. 











T 


0 


Absolute (abs) 





0 





re a ag ee 
Po abs18 


i (branch instructions only) "4 


Specifies the address using the operand 
value appended to the instruction code. 
Optimum operand length can be used to 
specify the address. 









RAM short (abs8) 





7 0 





/O short 


15 0 
IOTOP+i08 


Handy (HA) 





Figure:2.1.8 Address Space 
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Specifies an 8-bit offset from the address 
x'00000'. 


Specifies an 8-bit offset from the top address 
(x'03F00') of the special function register area. 


Reuses the last memory address accessed 
and is only available with the MOV and 
MOVW instructions. Combined use with 
absolute addressing reduces code size. 


*4 H: half-byte bit 
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2.1.10 Machine Clock 
SSS ee 


Machine clock is generated based on the system clock dividing the source oscillation frequency. The machine 
clock is the base timing for control of CPU. 


@ Internal Memory Access (no wait cycle) (NORMAL mode) 


Source oscillation eles iy Uae (eel a ee Da 


frequency 


System clock(fs) it. 2 le = Je 2 


! 4 machine clock : 
(1 bus cycle) 


Figure:2.1.9 Machine Clock (no wait cycle) 





Oscillation frequency of system clock differs depending on the CPUM register settings. 
| [Chapter 2. 2.5 Clock Switching] 
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2.2 Memory Space 





2.2.1 Memory Mode 





ROM is the read only area and RAM is the memory area which contains readable/writable data. In addition to 
these, peripheral resources such as memory-mapped special registers are allocated. The MNIOIC series supports 
three memory modes (single chip mode, memory expansion mode, processor mode) in its memory model. This 
LSI supports one memory modes (single chip mode) in its memory model. Setting of each mode is different. 


In single chip mode, the system consists of only internal memory. 


Memory Space 


Chapter 2 
CPU Basics 


2.2.2 Single-chip Mode 
——_—_—— eae 


In single-chip mode, the system consists of only internal memory. This is the optimized memory mode and allows 
construction of systems with the highest performance. The single-chip mode uses only internal ROM and internal 
RAM. The MNIOIC series devices offer up to 11.75 KB of RAM and up to 224 KB of ROM. This LSI offers 1.5 
KB of RAM and 32 KB of ROM. 
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Figure:2.2.1 Single-chip Mode 





The value of internal RAM is uncertain when power is applied to it. 
\ It needs to be initialized before used. 
a 
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Special Function Registers 


2.2.3 


in 


(I/O spaces) at the addresses 0x03F00 to Ox03FFF 
LSI are located as shown below. 
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2.3 Bus Interface 


2.3.1 Bus Controller 





The MNIOIC series provides separate buses to the internal memory and internal peripheral circuits to reduce bus 
line loads and thus realize faster operation. 


There are three such buses: ROM bus, RAM bus and peripheral expansion bus (I/O bus). They connect to the 
internal ROM, internal RAM and internal peripheral circuits respectively. The bus control block controls the par- 
allel operation of instruction read and data access. A functional block diagram of the bus controller is given 
below. 
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Figure:2.3.1 Functional Block Diagram of the Bus Controller 
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2.3.2 Control Registers 
a) 


Bus interface is controlled by the memory control register (MEMCTR). 


m@ Memory Control Register (MEMCTR) 
Table:2.3.1 Memory Control Register (MEMCTR: 0x03F01) 
4 3 1 0 





Reserved | Reserved Reserved | Reserved 


0 1 1 1 
































Description 


Wait cycles when accessing special register | Bus cycle at 10 MHz oscillation 
area 

00: No wait cycles 200 ns 

01: 1 wait cycle 300 ns 


10: 2 wait cycles 400 ns 
11: 3 wait cycles 500 ns 





Base address setting for interrupt vector table 
Interrupt vector base = 0x04000 
Interrupt vector base = 0x00100 


Reserved Set always to “0”§ 


Reserved Set always to “1” 





IRWE Software write enable flag for interrupt request flag 

Software write disable 

Even if data is written to each interrupt control (register (xxxICR), the state of the 
interrupt request flag (xxxIR) will not change. 














Reserved Set always to “11” 





The lOW1-IOW0 wait settings affect accesses to the special registers located at the 
addresses 0x3F00-0x3FFF. After reset, MEMCTR specifies the fixed wait cycle mode with 
three wait cycles. Wait setting of IOW is a function, which CPU supports for special use, for 
example, when special function register or I/O is expanded to external. For this LSI, wait 
cycle setting is not always necessary. Select "no-wait cycle" for high performance system 


construction. 
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2.4 Standby Function 


2.4.1 Overview 





This LSI has two sets of system clock oscillator (high speed oscillation, low speed oscillation) for two CPU oper- 
ating modes (NORMAL and SLOW), each with two standby modes (HALT and STOP). Power consumption can 


be decreased with using those modes. 


CPU operation mode 
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STANDBY mode 
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Figure:2.4.1 Transition Between Operation Modes 


igh-frequency oscillation clock 
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M HALT Modes (HALTO, HALT1) 


The CPU stops operating. But both of the oscillators remain operational in HALTO and only the high-frequency 
oscillator stops operating in HALT1. 


An interrupt returns the CPU to the previous CPU operating mode that is, to NORMAL from HALTO or to SLOW 
from HALT1. 


mM STOP Modes (STOPO, STOP1) 
The CPU and both of the oscillators stop operating. 


An interrupt restarts the oscillators and, after allowing time for them to stabilize, returns the CPU to the previous 
CPU operating mode - that is, to NORMAL from STOPO or to SLOW from STOP1. 


m SLOW Mode 


This mode executes the software using the low-frequency clock. Since the high-frequency oscillator is turned off, 
the device consumes less power while executing the software. 


m IDLE Mode 


This mode allows time for the high-frequency oscillator to stabilize when the software is changing from SLOW to 
NORMAL mode. 


To reduce power dissipation in STOP and HALT modes, it is necessary to check the stability of both the output 
current from pins and port level of input pins. For output pins, the output level should match the external level or 
direction control should be changed to input mode. For input pins, the external level should be fixed. 


This LSI has two system clock oscillation circuits. OSC is for high-frequency operation (NORMAL mode) and 
XI is for low-frequency operation (SLOW mode). Transition between NORMAL and SLOW modes or to standby 
mode is controlled by the CPU mode control register (CPUM). Reset and interrupts are the return factors from 
standby mode. A wait period is inserted for oscillation stabilization at reset and when returning from STOP mode, 
but not when returning from HALT mode. High/low-frequency oscillation mode is automatically returned to the 
same state as existed before entering standby mode. 





To stabilize the synchronization at the moment of switching clock speed between high speed 
| oscillation (fosc) and low speed oscillation (fx), fosc should be set to 2.5 times or higher 








( Set the bpO of XSEL register before changing to the low speed oscillation mode. 
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P90 can be used as the low speed oscillation, as well. Set the low speed oscillation selection register (XSEL) for 
SLOW mode setting. 


m@ Low Speed Oscillation Selection Register (XSEL) 
Table:2.4.1 Low Speed Oscillation Selection Register (XSEL: 0x03F4C) 






































P90, I/O port low speed oscillation selection 
0:1/0 port 
1:Low speed oscillation 








Set the bp0 of XSEL register before changing to the low speed oscillation mode. 
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2.4.2 | CPU Mode Control Register 
—_—_— ee a een | 


Transition from one mode to another mode is controlled by the CPU mode control register (CPUM). 


7 6 5 4 3 2 1 0 

















CPUM Reserved] OSCSEL1 |OSCSEL0} OSCDBL| STOP} HALT | OSC1| OSCO 
At reset : 0 0 0 0 0 0 0 0 









































| _ 








Operation | stop | HALT | Osct | OSCo osco | XUx0.| SE") eeu 
NORMAL 0 0 0 0 = (OscillationOscillation) OSCI | Operating 
IDLE 0 0 0 1. Oscillation|Oscillation xl Operating 
SLOW 0 0 1 1 Halt [Oscillation xl Operating 
HALTO 0 1 0 0 = (OscillationOscillation*s) OSC! Halt 
HALT1 0 1 1 1 Halt [Oscillation Xl Halt 
STOPO 1 0 0 0 Halt Halt Halt Halt 
STOP1 1 0 1 1 Halt Halt* Halt Halt 



































* Status in NORMAL mode and HALT mode differ depending upon the XSEL. 
XSEL=0 Halt 
XSEL=1 Oscillation 


Figure:2.4.2 Operating Mode and Clock Oscillation (CPUM: 0x3F00) 


The procedure for transition from NORMAL to HALT or STOP mode is given below. 


(1) If the return factor is a maskable interrupt, set the MIE flag in the PSW to "1" and set the interrupt mask (IM) 
to a level permitting acceptance of the interrupt. 


(2) Clear the interrupt request flag (xxxIR) in the maskable interrupt control register (xxxICR), set the interrupt 
enable flag (xxxIR) for the return factor, and set the IE flag in the PSW. 


(3) Set CPUM to HALT or STOP mode. 





flag) at the same time with the setting of clock switching functions (OSCDBL flag, OSCSEL1 


< Do not change the setting of standby functions (STOP flag, HALT flag, OSC1 flag, OSC2 
* flag, OSCSELO flag). 








Set the IRWE flag of the memory control register (MEMCTR) to clear interrupt request flag 
by software. 
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2.4.3 Transition between SLOW and NORMAL 


This LSI has two CPU operating modes, NORMAL and SLOW. Transition from SLOW to NORMAL requires 
passing through IDLE mode. 


A sample program for transition from NORMAL to SLOW mode is given below. 


Program 1 
MOV x'3', DO ; Set SLOW mode. 





MOV DO, (CPUM) 


Transition from NORMAL to SLOW mode, when the low-frequency clock has fully stabilized, can be done by 
writing to the CPU mode control register. In this case, transition through IDLE is not needed. 


For transition from SLOW to NORMAL mode, the program must maintain the idle state until high-frequency 
clock oscillation is fully stable. In IDLE mode, the CPU operates on the low-frequency clock. 





as that after reset. Software must count that time. We recommend selecting the oscillation 


< For transition from SLOW to NORMAL, oscillation stabilization waiting time is required same 
* — stabilization time after consulting with oscillator manufacturers. 





Sample program for transition from SLOW to NORMAL mode is given below. 


Program 2 
MOV x'l', DO ; Set IDLE mode. 
MOV DO, (CPUM) 


Program 3 


x'0B', DO ; A loop to keep approx. 6.7ms with low-frequency clock (32 kHz) 
-1, DO ; operation when changed to high-frequency clock (10 MHz). 
LOOP ; 

DO, DO ; 

DO,(CPUM) ; Set NORMAL mode. 
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2.4.4 Transition to STANDBY Modes 
a ea] 


The program initiates transitions from a CPU operating mode to the corresponding STANDBY (HALT/STOP) 
modes by specifying the new mode in the CPU mode control register (CPUM). Interrupts initiate the return to the 
former CPU operating mode. 


Before initiating a transition toa STANDBY mode, however, the program must 


(1) Set the maskable interrupt enable flag (MIE) in the processor status word (PSW) to '0' to disable all maskable 
interrupts temporarily. 

(2) Set the interrupt enable flags (xxxIE) in the interrupt control registers (xxxICR) to '1' or '0' to specify which 
interrupts do and do not initiate the return from the STANDBY mode. Set MIE'1' to enable those maskable inter- 


rupts. 


NORMAL/SLOW 


SLOW mode 











DIGEbIE AlN Clear MIE flag in the PSW and all interrupt enable flags (xxx IE) 
isable all interrupts in the maskable interrupt control register. 








Enable interrupt which] — set the xxx IE of the return factor, 


triggers return and set MIE flag in the PSW. 
HALT/STOP. We timer 
(EO |) — ( aptaree) 
STOP : counter clear 

















Set HALT/STOP 
mod 











When returning from STOP \—>— 
mode, wait for oscillation to ) 
stabilize ~x x Return factor interrupt 
occured 
——— Watchdog timer 
NORMAL/SLOW -_—_ ( HALT : restarts counting ) 
mode STOP : continue counting 


Interrupt acceptance 
cycle 




















i 


Figure:2.4.3 Transition to/from STANDBY Mode 





or higher than the mask level in PSW before transition to HALT or STOP mode, it is impossi- 


< If the interrupt is enabled but interrupt priority level of the interrupt to be used is not equal to 
* ble to return to CPU operation mode by maskable interrupt. 








< Set the bpO of XSEL register before changing to the low speed oscillation mode. 





Standby Function 


Chapter 2 
CPU Basics 


Hi Transition to HALT modes 


The system transfers from NORMAL mode to HALTO mode, and from SLOW mode to HALT! mode. The CPU 
stops operating, but the oscillators remain operational. There are two ways to leave a HALT mode: a reset or an 
interrupt. A reset produces a normal reset; an interrupt, an immediate return to the CPU state prior to the transition 
to the HALT mode. The watchdog timer, if enabled, resumes counting. 





Program 4 

MOV x'4', DO ; Set HALT mode. 

MOV DO, (CPUM) 

NOP ; After written in CPUM, some NOP 
NOP ; instructions (three or less) are 
NOP ; executed. 











H Transition to STOP mode 


The system transfers from NORMAL mode to STOPO mode, and from SLOW mode to STOP! mode. In both 
cases, oscillation and the CPU are both halted. There are two ways to leave a STOP mode: a reset or an interrupt. 
When it changed to the stop mode, watchdog timer counter is cleared. Restart counting at the recovery and the 
oscillation stabilization wait is done. The count is continued after the recovery to CPU operation mode. 





Program 5 
MOV x'8', DO — ; Set HALT mode. 
MOV DO, (CPUM) 


NOP ; After written in CPUM, some NOP 
NOP ; instructions (three or less) are 
NOP ; executed. 














Insert three NOP instructions right after the instruction of the transition to HALT, STOP mode. 


< Set the bpO of XSEL register before changing to the low speed oscillation mode. 
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2.5 Clock Switching 


This LSI can select the best operation clock for system by switching clock cycle division factor by program. Divi- 
sion factor is determined by both flags of the CPU mode control register (CPUM) and the Oscillator frequency 
control register (OSCMD). At the highest-frequency, CPU can be operated in the same clock cycle to the external 
clock hence providing wider operating frequency range. 


m@ CPU Mode Control Register (CPUM) 
Table:2.5.1 CPU Mode Control Register (CPUM: 0x03F00) 


7 6 5 4 


RESERV | OSCSEL1 | OSCSELO | OSCDBL 
ED 


0 



































Description 
RESERVED Set always to "0". 





Clock Frequency 
00: 1 


OSCSEL1 
OSCSELO 





Internal System Clock 
OSCDBL 0: Standard (Input the oscillation clock cycle divided by 2) 
1: 2x-speed (Input the oscillation clock cycle) 


See Figure:2.4.2 for setup of bp3-0 flags of the CPU mode control register (CPUM). 
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fx 
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a 


OSC1 


> 001 








Dividing counter 


2 dividing _—————» 000 
4 dividing ———»011 
8 dividing ———»)010 


16 dividing -———— 101 


32 dividing +#————» 100 
64 dividing -}——— 111 
128 dividing ——» 110 








xCz 


[——> System clock fs 











OSCSEL1 
OSCSELO 
OSCDBL 


Figure:2.5.1 Clock Switching Circuit 














OSCSEL1| OSCSELO) OSCDBL| Oscillating frequency 

0 0 0 2 

0 0 1 1 

0 1 0 8 

0 1 1 4 

1 0 0 32 

1 0 1 16 

1 1 0 128 

1 1 1 64 














Figure:2.5.2 Setting Division Factor at NORMAL mode by combination of OSCSEL and OSCDBL 





flag) at the same time with the setting of clock switching functions (OSCDBL flag, OSCSEL1 


< Do not change the setting of standby functions (STOP flag, HALT flag, OSC1 flag, OSC2 


flag, OSCSELO flag). 








OSCDBL flag, OSCSEL1 flag and OSCSELO flag can be changed at the same time. 
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2.6 Reset 


2.6.1 Reset operation 





The CPU contents are reset and registers are initialized when the NRST pin is pulled to low. 
@ Initiating a Reset 
There are two methods to initiate a reset. 


(1) Drive the NRST pin low. NRST pin should be held “low” for more than OSC 4 clock cycles (100 ns at a 10 


MHz). 
NRST pin. —————— 


4 Oscillating clock 
(400 ns at 10 MHz) 








Figure:2.6.1 Minimum Reset Pulse Width 


(2) Setting the PLOUT7 flag of the P2OUT register to "0" outputs low level at P27 (NRST) pin. And transferring 
to reset by program (software reset) can be executed. If the internal LSI is reset and register is initiated, the 
P20UT7 flag becomes "1" and reset is released. 





enough low level time at sudden unconnected. And reset can be generated even if NRST pin 


< When NRST pin is connected to low power voltage detection circuit that gives pulse for 
* is held "low" for less than OSC 4 clock cycles, take notice of noise. 
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mM Sequence at Reset 


(1) When reset pin comes to high level from low level, the internal 14-bit counter (It can be used as watchdog 
timer, too.) starts its operation by system clock. The period from starting its count from its overflow is called 
oscillation stabilization wait time. 


(2) During reset, internal register and special function register are initiated. 


(3) After oscillation stabilization wait time, internal reset is released and program is started from the address writ- 
ten at address 0x4000 at interrupt rector table. 





VDD 


NRST 


OSC2/XO —=n|[]]] 



































Internal RST 





Oscillation 
stabilization wait time 





Figure:2.6.2 Reset Released Sequence 
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2.6.2 Oscillation Stabilization Wait time 


Oscillation stabilization wait time is the period from the stop of oscillation circuit to the stabilization for oscilla- 
tion. Oscillation stabilization wait time is automatically inserted at releasing from reset and at recovering from 
STOP mode. At recovering from STOP mode the oscillation stabilization wait time control register (DLYCTR) is 
set to select the oscillation stabilization wait time. At releasing from reset, oscillation stabilization wait time is 


fixed. 


The timer that counts oscillation stabilization wait time is also used as a watchdog timer. That is used as a run- 
away detective timer at anytime except at releasing from reset and at recovering from STOP mode. Watchdog 

timer is initiated at reset and at STOP mode and starts counting from the initialize value (0x0000) when system 
clock (fs) is as clock source. 


@ Block Diagram of Oscillation Stabilization Wait Time (watchdog timer) 


NRST 
STOP 


writeWDCTR 


HALT 
fs 


internal reset reese Fy 
WDEN 








|! 





— 








R 
1/2 to 1/2'4 





R 
1/2'8 to 1/220 














DLYCTR 








ee) 


+ internal reset release 











fs/2"4 








fs/2'° 








fs/26 








YY YY 


fs/2? 








MUX 





























fs/220 
18 
fs/2 >| 


= WDIRQ 








fs/2'6 


























Figure:2.6.3 Block Diagram of Oscillation Stabilization Wait Time (watchdog timer) 
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H Oscillation Stabilization Wait Time Control Register (DLYCTR) 
Table:2.6.1 Oscillation Stabilization Wait Time Control Register (DLYCTR: 0x03F03) 



































Description 


Output selection 
0: Port data output 
1: Buzzer output 





Buzzer output frequency selection 
000: fosc/2'4 


001: fosc/2'3 
010: fosc/2'2 
011: fosc/2"! 
100: fosc/2' 
101: fosc/29 
110: fx/24 
111: fx/28 





Oscillation stabilization wait period selection 
00: fs/2"4 
01: fs/2'° 


10: fs/28 *1 
11:fs/2 *4 














*1 Do not use in high-speed operation (NORMAL mode). 
Use in low-speed operation (SLOW mode). 
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H Control the Oscillation Stabilization Wait Time 


At recovering from STOP mode, the bit 3-2 (DLYS1, DLYSO) of the oscillation stabilization wait time control 
register can be set to select the oscillation stabilization wait time from 214, 210, 26, 22 x system clock. The 
DLYCTR register is also used for controlling of buzzer functions. 


At releasing from reset, the oscillation stabilization wait time is fixed to ng system clock". System clock is 


determined by the CPU mode control register (CPUM). 
Table:2.6.2 Oscillation Stabilization Wait Time 

















DLYS1 DLYSO Oscillation stabilization wait time 
0 0 2'4 x System clock 

0 1 2'9 x System clock 

1 0 26 x System clock *1 

1 1 22 x System clock *1 

















*1 Do not use in high-speed operation (NORMAL mode). 
Use in low-speed operation (SLOW mode). 
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3.1 Overview 





This LSI speeds up interrupt response with circuitry that automatically loads the branch address to the corre- 
sponding interrupt service routine from an interrupt vector table:reset, non-maskable interrupts (NMJ), 4 external 
interrupts, and 17 internal interrupts (peripheral function interrupts). 


For interrupts other than reset, the interrupts processing sequence consists of interrupt request, interrupt accep- 
tance, and hardware processing. After the interrupt is accepted, the program counter (PC) and processor status 
word (PSW) and handy addressing data (HA) are saved onto the stack. And an interrupts handler ends by restor- 
ing, using the POP instruction and other means, the contents of any registers used during processing and then exe- 
cuting the return from interrupt (RTI) instruction to return to the point at which execution was interrupted. Max. 
12 machine cycles before execution, and max 11 machine cycles after execution. 


Each interrupt has a interrupt control register, which controls the interrupts. Interrupt control register consists of 
the interrupt level field (LV1 to 0), interrupt enable flag (IE), and interrupt request flag (IR). 


Interrupt request flag (IR) is set to “1” by an interrupt request, and cleared to “0” by the interrupt acceptance. 
This flag is managed by hardware, but can be rewritten by software. 


Interrupt enable flag (IE) is the flag that enables interrupts in the group. There is no interrupt enable flag in non- 
maskable interrupt (NMI). Once this interrupt request flag is set, it is accepted without any conditions. Interrupts 
enable flag is set in maskable interrupt. Interrupt enable flag of maskable interrupt is valid when the maskable 
interrupt enable flag (MIE flag) of PSW is “1”. 


Maskable interrupts have had vector numbers by hardware, but their priority can be changed by setting interrupts 
level field. There are three hierarchical interrupt levels. If multiple interrupts have the same priority, the one with 
the lowest vector number takes priority. Maskable interrupts are accepted when its level is higher than the inter- 
rupt mask level (IM1 to 0) of PSW. Non-maskable interrupts are always accepted, regardless of the interrupt 
mask level. 
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Interrupts 


Table:3.1.1 Interrupt Functions 





Interrupt type 


Reset (interrupt) 


Non-maskable interrupt 


Maskable interrupt 





Vector number 


Table address 


0 
0x04000 


1 
0x04004 


2 to 23 
0x04008 to 0x0405C 





Starting address 


Address specified by vector address 





Interrupt level 


Can be set to levels 0 to 2 
by software 





Interrupt factor 


External RST pin input 


Errors detection, PI inter- 
rupt 


External pin input internal 
peripheral function 





Generated opera- 
tion 


Accept operation 


Direct input to CPU core 


Always accepts 


Input to CPU core from 
non-maskable interrupt 
control register (NMICR) 


Always accepts 


Input interrupt request level 
set in interrupt level flag 
(xxxL Vn) of maskable 
interrupt control register 
(xxxICR) to CPU core. 


Acceptance only by the 
interrupt control of the reg- 
ister (xxxICR) and the inter- 
rupt mask level in PSW. 





Machine cycles until 
accepted 


12 


12 


12 





PWS status after 
acceptance 








All flags are cleared to “0” 





The interrupt mask level 
flag in PSW is cleared to 
“90” 





Values of the interrupt level 
flag (xxxLVn) are set to the 
interrupt mask level (mask- 
ing all interrupt requests 
with the same or the lower 
priority). 
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Sle Block Diagram 
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76 5 43 2 
MIE/IM1|IMo 
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deter- 
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IRQNMI 





> Interrupt 


CPU core 





Vector 1 





IRQLVL 
2-0 
























































WDOG 




























































































































































































76 
IRGOICR pone Vi Peripheral 
J J function 
vO 
xxxLV : Interrupt Level 
| XxxlE : Interrupt Enab 
: xxxIR : Interrupt Requesi 
XXxICR |xxxLV1-0 kxxIR Peripheral 
ry function 
VO 
xxxLV : Interrupt Level 
xxxlE : Interrupt Enable 











xxxIR : Interrupt Request 


Figure:3.1.1 Interrupt Block Diagram 
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3.1.3 Operation 
SSE] 


@ Interrupt Processing Sequence 


For interrupts other than reset, the interrupt processing sequence consists of interrupt request, interrupt accep- 
tance, and hardware processing. The program counter (PC) and processor status word (PSW) and hard addressing 
data (HA) are saved onto the stack, and program is branched to the address specified by the corresponding inter- 
rupt vector. An interrupt handler ends by restoring the contents of any registers used during processing and then 
executing the return from interrupt (RTI) instruction to return to the point at which execution was interrupted. 


Interrupt service routine 





Main program Interrupt request 


flag cleared at head 






he Hardware processing 
Save up PC, PSW, etc. 








Interrupt wal a 




















generation Max.12 machine cycles 
11 machine cycles 
Restart Restore PSW, PC up, etc. 
—_— 
RTI 





Figure:3.1.2 Interrupt Processing Sequence (maskable interrupts) 
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@ Interrupt Group and Vector Addresses 


Table:3.1.2 shows the list of interrupt vector addresses and interrupt group. 


Table:3.1.2 Interrupt Vector Addresses and Interrupt Group 




























































































Vector Vector Interrupt group (interrupt factor) Control register (address) 
number addresses 
0 0x04000 Reset - : - 
1 0x04004 Non-maskable interrupt NMI NMICR Ox03FE1 
2 0x04008 External interrupt 0 IRQO IRQOICR Ox03FE2 
3 0x0400C External interrupt 1 IRQ1 IRQ1ICR Ox03FE3 
4 0x04010 External interrupt 2 IRQ2 IRQ2ICR 0x03FE4 
5 0x04014 Reserved ; 7 Ox03FE5 
6 0x04018 External interrupt 4 IRQ4 IRQ4ICR Ox03FE6 
7 0x0401C Timer 0 interrupt TMOIRQ | IRQOICR Ox03FE7 
8 0x04020 Timer 1 interrupt TM1IRQ | IRQIICR 0x03FE8 
9 0x04024 Timer 2 interrupt TM2IRQ | TM2ICR Ox03FE9 
10 0x04028 Timer 3 interrupt TM3IRQ | TMS8ICR Ox03FEA 
11 0x0402C Timer 6 interrupt TM6IRQ | TM6ICR 0x03FEB 
12 0x04030 Time base interrupt TBIRQ TBICR Ox03FEC 
13 0x04034 Timer 7 interrupt TM7IRQ_ | TM7ICR 0x03FED 
14 0x04038 Timer 7 compere 2-match inter- T70C2IR | T7OC2ICR | Ox03FEE 
rupt Q 
15 0x0403C Serial 0 UART reception inter- SCORIR SCORICR Ox03FEF 
rupt Q 
16 0x04040 Serial 0 UART transmission SCOTIR SCOTICR Ox03FFO 
interrupt Q 
17 0x04044 Serial 1 UART reception inter- SC1RIR SC1RICR Ox03FF1 
rupt Q 
18 0x04048 Serial 1 UART transmission SC1TIR SC1TICR Ox03FF2 
interrupt Q 
19 0x0404C Serial 3 interrupt SC3IRQ SC3ICR Ox03FF3 
20 0x04050 A/D conversion interrupt ADIRQ ADICR Ox03FF4 
21 0x04054 Serial 4 interrupt SC4IRQ SC4ICR Ox03FF5 
22 0x04058 Timer 8 interrupt TM8IRQ_ | TM8ICR Ox03FF6 
23 0x0405C Timer 8 compare 2-match inter- TM80C2 | TM8O0C2IC | 0x03FF7 
rupt IRQ R 
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@ Interrupt Level and Priority 


This LSI allocated vector numbers and interrupt control registers (except reset interrupt) to each interrupt. The 
interrupt level (except reset interrupt, non-maskable interrupt) can be set by software, per each interrupt group. 
There are three hierarchical interrupt levels. If multiple interrupts have the same priority, the one with the lowest 
vector number takes priority. For example, if a vector 3 set to level 1 and a vector 4 set to level 2 request interrupt 
simultaneously, vector 3 will be accepted. 
































| Vector 1(Non-maskable Priority | Interrupt vector No. 
: upt) 1 Vector 1 
e Level 0 Vector 2, 5, 6 2 Vector 2 
= 3 Vector 5 
3 Level 1 Vector 3 4 Vector 6 
5 5 Vector 3 
& Level 2 Vector 4, 8 6 Vector 4 
= 7 Vector 8 














Figure:3.1.3 Example of Interrupt Level 
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@ Determination of Interrupt Acceptance 


The following is the procedure from interrupt request input to acceptance. 


1. The interrupt request flag (xxxR) in the corresponding external interrupt control register (IRQnICR) and inter- 


nal interrupt control register (xxxICR) are set to “1”. 


2. An interrupt request is input to the CPU. (If the interrupt enable flag (xxxIE) of the same register is “1”.) 
3. The interrupt request signal is set for each interrupt. The interrupt level (IL) is input to the CPU. 
4. The interrupt request is accepted. (If IL has higher priority than IM and MIE is “1”’.) 


5. Acceptance of an interrupt does not reset the corresponding interrupt enable flag (xxxIE) to “0”. 


Current interrupt mask level (IM) 




















ZF 











PSW | - |MIE/IM1]IMO| VF | NF | CF 


Level judgement. Accepted if IL < IM 


2 

















XXxXXlE 





XxxIR| 








A 


Generated interrupt level (IL) 


Figure:3.1.4 Determination of Interrupt Acceptance 





< Acceptance of an interrupt does not reset the corresponding interrupt enable flag (xxxIE) to 
“Q” 
a 
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MIE = “0” and interrupts are disabled when: 
¢ MIE in the PSW is reset to “O” by a program 
* Reset is detected. 
MIE = “1” and interrupts are enabled when: 
¢ MIE in the PSW is set to “1” by a program 
The interrupt mask level (IM = IM1 - IMO) in the processor status word (PSW) changes when: 
¢ The program alters it directly, 
¢ A reset initializes it to 0 (O0b), 
¢ Maskable interrupt is accepted (the interrupt level becomes the interrupt mask level). 


¢ Execution of the RTI instruction at the end of an interrupt service routine restores the processor status word 
(PSW) and thus the previous interrupt mask level. 





The MN101C series does not reset the maskable interrupt enable (MIE) flag of the processor 
\ status word (PSW) to “O” when accepting interrupts. 





Non-maskable interrupts have priority over maskable ones. 
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@ Interrupt Acceptance Operation 


When accepting an interrupt, this LSI hardware saves the handy address register, the return address from the pro- 
gram counter, and the processor status word (PSW) to the stack and branches program to the interrupt handler 
using the starting address in the vector table. The following is the hardware processing sequence invoked by 
interrupt acceptance. 


1. the stack pointer (SP) is updated. 
(SP-6) — (SP) 


2. The contents of the handy address register (HA) are saved to the stack. 
Upper half of HA — (SP + 5) 
Lower half of HA — (SP + 4) 


3. The contents of the program counter (PC) -i.e., the return address- are saved to the stack. 
PC bits 18, 17, and 0 — (SP + 3) 
PC bits 16-9 — (SP + 2) 
PC bits 8-1 4 (SP + 1) 


4. The contents of the PSW are saved to the stack. 
PSW — (SP) 


5. The interrupt level (xxxLVn) for the interrupt is copied to the interrupt mask (IMn) in the PSW. 
Interrupt level (xxxLVn) — IMn 


6. The hardware branches program to the address in the vector table. 











i 0 
New SP———> PSW Lower 
(after interrupt 
PC8 to 1 
acceptance) | 
PC16 to 19 





Pco! reserved 'pcts17 | Address 


HA7 to 10 | 


HA15 to 8 
Higher 











Old SP ———- 
(before interrupt 


acceptance) i. Ce 


Figure:3.1.5 Stack Operation during Interrupt Acceptance 
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@ Interrupt Return Operation 


An interrupt handler ends by restoring the contents of any registers saved to the stack during processing by the 
POP instruction and other means, and the RTI instruction restores the program to the point at execution was inter- 
rupted. 


The following is the processing sequence invoked by the RTI instruction. 
1. The contents of the PSW are restored from the stack. (SP) 


2. The contents of the program counter (PC) -i.e., then return address- are restored from the stack. (SP + 1 to SP 
+ 3) 


3. The contents of the handy address register (HA) are restored from the stack. (SP + 4, SP+ 5) 
4. The stack pointer is updated. (SP +6 — SP) 
5. Execution branches program to the address in the program counter. 


The handy address register is an internal register used by the handy addressing function. The hardware saves its 
contents to the stack to prevent the interrupt from interfering with operation of the function. 





Registers such as data register, or address register are not saved, so that PUSH instruction 
| from program should be used to save them onto stack, if necessary. 
a 








The address bp6 to bp2, when program counter (PC) are saved to the stack, are reserved. 
\ Do not change it by program. 
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m@ Maskable Interrupt 


Figure:3.1.6 shows the processing flow when a second interrupt with a lower priority level (kxxLV1 - xxxLV0 = 
“10”) arrives during the processing of the with a higher priority level (xxxLV1 - xxxLV0 = “00”). 


( oearme (Cfo) 


IMO-1='00' 


Set MIE | 


IM1-O='11' | 

















Interrupt 1 generated —z-& Accepted because IL < IM and MIE="'1' 
(xxxLV1-0='00') 














( IM1-0='00' ) —— | Interrupt acceptance cycle 








) 


“X~— Interrupt 2 generated 
(xxxLV1-0='10') 





* 


*2 An = (im1-o-"1") 


Interrupt acceptance 
( IM1-0='10' ) cycle 
























Cinterrupt service routine:2 ) 





RTI i IMt-0-"11" ) 





—Lwr Not accepted bcause IM=IL 
Interrupt generated 


(xxxLV1-0="11') 





| 


Parentheses ( ) indicates hardware processing. 


*1 If during the processing of the first interrupt, an interrupt request with an interrupt 

level (IL) numerically lower than the interrupt mask (IM) arrives, it is accepted as a nested 
interrupt. If IL > IM, however, the interrupt is not accepted. 

*2 The second interrupt, postponed because its interrupt level (IL) was numerically greater 
than the interrupt mask (IM) for the first interrupt service routine, is accepted when the 
first interrupt handler returns. 


Figure:3.1.6 Processing Sequence for Maskable Interrupts 
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@ Multiplex Interrupt of Maskable Interrupt 


When this LSI accepts an interrupt, it automatically disables acceptance of subsequent interrupts with the same or 
lower priority level. When the hardware accepts an interrupt, it copies the interrupt level (xxxLVn) for the inter- 
rupt to the interrupt mask (IM) in the PSW. As a result, subsequent interrupts with the same or lower priority lev- 
els are automatically masked. Only interrupts with higher priority levels are accepted. The net result is that 
interrupts are normally processed in decreasing order of priority. It is, however, possible to alter this arrangement. 


1. To disable interrupt nesting 
¢ Reset the MIE bit in the PSW to “0”. 
¢ Raise the priority level of the interrupt mask (IM) in the PSW. 
2. To enable interrupts with lower priority than the currently accepted interrupt 


¢ Lower the priority level or the interrupt mask (IM) in the PSW. 


Multiplex interrupts are only enables for interrupts with levels higher than the PSW interrupt 
mask level (IM). 











It is possible to forcibly rewrite IM to accept an interrupt with a priority lower than the interrupt 
being processed, but the careful of stack overflow. 








Do not operate the maskable interrupt control register (xxxICR) when multiple interrupts are 
\ enabled. If operation is necessary, first clear the PSW MIE flag. 
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@ Multiple Interrupt of Non-maskable 


On the acceptance of nim interrupt, when other nmi interrupt factor is generated, this interrupt is processed right 
away. Also, when the same nmi interrupt factor is generated before nmi interrupt flag is be soft cleared, it is not 
accepted. (Unless nmi interrupt clears the flag by the soft, the following same nmi interrupt is not accepted and 















valid.) 
nmi interrupt A nmi interrupt A 
generation 7 ow generation —L 


Interrupt acceptance cycle 
nmi interrupt A service program 


nmi interrupt B 
generation 


Interrupt acceptance cycle 
nmi interrupt A service program 


nmi interrupt A 
generation 


—Zy 














Despite of nmi interrupt A flag 
1/O, nmi interrupt B is serviced 
with multiple interrupts. 





If nmi interrupt A flag is 
cleared, multipul interrupt 


generates. 
nterrupt acceptance cycle 
: nmi interrupt B service program 












If nmi interrupt A flag is not 
cleared , it is invalidation absolutely. 





RTI 


* When nmi interrupt A=IRQNPG, nmi interrupt B=IRQNWDG 
* When nmi interrupt A=IRQNWDG, nmi interrupt B=IRQNPG 
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Figure:3.1.7 shows the processing sequence of the multiple interrupt. 
(multiple interrupt:xxxLV1 to 0 = “10”, xxxLV1 to 0 = “00”) 


(Main program ) 








IM1-0='11' 








Interrupt 1 generated: —z-» Accepted because IL<IM 
(xxxLV1-0='10') 











—— | Interrupt acceptance cycle 





( m1-0-"10" ) 








(Interrupt service program 1) 


Accepted because IL<IM 





* Interrupt 2 generated: —z-» 
(xxxLV 1-0='00') 












—— | Interrupt acceptance cycle 





( m1-0-'00' ) 











C Interrupt service program 2 +) 





Restart interrupt service program 1 
RTI —=— ( imt-o=10' ) 





RT| —=— (im1-o-11' ) 








y Parentheses ( ) indicates hardware 
processing. 


Figure:3.1.7 Processing Sequence for Non-Maskable Multiple Interrupt 
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3.1.4 Interrupt Flag Setup 


@ Interrupt Request Flag (IR) Setup by the Software 


The interrupt request flag is operated by the hardware. That is set to “1” when any interrupt factor is generated, 
and cleared to “0” when the interrupt is accepted. If you want to operate it by the software, the IRWE flag of 


MEMCTR should be set to “1”. 
@ Interrupt Flag Setup Procedure 


A setup procedure of the interrupt request flag set by the hardware and the software shows as follows; 





Setup Procedure 


Description 





(1) Disable all maskable interrupts. 
PSW 
bp6:MIE =0 


(2) Select the interrupt factor. 


(3) Enable the interrupt request flag to be 
rewritten. 
MEMCTR(0¥03F01) 
bp2:IRWE =1 


(4) Rewrite the interrupt request flag. 
xxxlCR 
bp0:xxxIR 


(5) Disable the interrupt request flag to be 
rewritten. 
MEMCTR(0¥03F01) 
bp2:IRWE =0 


(6) Set the interrupt level. 
xxxlCR 
bp7-6:xxxLV1-0 
PSW 
bp5-4:1M1-0 


(7) Enable the interrupt. 
xxxICR 
bp1 :xxxlE =1 


(8) Enable all maskable interrupts. 
PSW 
bp6:MIE =1 








(1) Clear the MIE flag of PSW to disable all maskable 
interrupts. This is necessary, especially when the 
interrupt control register is changed. 


(2) Select the interrupt doctor such as interrupt edge 
selection, or timer interrupt cycle change. 


(3) Set the IRWE flag of MEMCTR to enable the interrupt 
request flag to be rewritten. This is necessary only 
when the interrupt request flag is changed by the 
software. 


(4) Rewrite the interrupt request flag (xxxIR) of the interrupt 
control register (xxxICR). 


(5) Clear the IRWE flag so that interrupt request flag can not 
be rewritten by the software. 


(6) Set the interrupt level by the xxxLV1 - 0 flag of the 
interrupt control register (xxxICR). 
Set the IM1 - 0 flag of PSW then the interrupt 
acceptance level of CPU should be changed. 


(7) Set the xxxlE flag of the interrupt control register 
(xxxICR) to enable the interrupt. 


(8) Enable all maskable interrupts. 
PSW 
bp6:MIE =1 
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3.2.1 


Registers List 
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Table:3.2.1 Interrupt Control Registers 


Register 


Address 


Functions 





NMICR 


Ox03FE1 


Non-maskable interrupt control register 





IRQOICR 


0x03FE2 


External interrupt 0 control register 





IRQ1ICR 


0x03FE3 


External interrupt 1 control register 





IRQ2ICR 


0x03FE4 


External interrupt 2 control register 





IRQ4ICR 


0x03FE6 


External interrupt 4 control register 





TMOICR 


0x03FE7 


Timer 0 interrupt control register (Timer 0 compare-match 





TM1ICR 


0x03FE8 


Timer 1 interrupt control register (Timer 1 compare-match 





TM2ICR 


0x03FE9 





TM3ICR 


0x03FEA 


Timer 3 interrupt control register (Timer 3 compare-match 





TM6ICR 


0x03FEB 


( ) 
( ) 
Timer 2 interrupt control register (Timer 2 compare-match) 
( ) 
( ) 


Timer 6 interrupt control register (Timer 6 compare-match 





TBICR 
TM7ICR 


O0x03FEC 
0x03FED 


Time base interrupt control register (Time base period) 


Timer 7 interrupt control register (Timer 7 compare-match) 





T70C2ICR 


Ox03FEE 


Timer 7 compare register 2-match interrupt control register 





SCORICR 


Ox03FEF 


Serial 0 UART reception interrupt control register 
(SCOUART reception completion) 





SCOTICR 


0x03FFO 


Serial 0 UART transmission interrupt control register 
(SCOUART transmission completion) 





SC1RICR 


Ox03FF1 


Serial 1 UART reception interrupt control register 
(SC1UART reception completion) 





SC1ITICR 


Ox03FF2 


Serial 1 UART transmission interrupt control register 
(SC1UART transmission completion) 





SC3ICR 


Ox03FF3 


Serial 3 interrupt control register (SC3 transfer completion) 





ADICR 


Ox03FF4 


A/D conversion interrupt control register 
(A/D conversion completion) 





SC4ICR 


Ox03FF5 


Serial 4 interrupt control register 
(SC4 transmission completion) 





T8ICR 


Ox03FF6 


Timer 8 interrupt control register (Timer 8 compare-match) 





T80C2ICR 


Ox03FF7 











Timer 8 compare register 2-match interrupt control register 
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If the interrupt level flag (xxxLVn) is set to “level 3”, its vector is disabled, regardless of inter- 
| rupt enable flag and interrupt request flag. 
a 








Writing to the interrupt control register should be done after that all maskable interrupts are 
set to be disable by the MIE flag of the PSW register. 
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3.2.2 Interrupt Control Registers 
ra a a a | 


The interrupt control registers include the non-maskable interrupt control register (NMICTR), the external inter- 
rupt control register and the internal interrupt control registers (xxxICR). 


@ Non-maskable Interrupt Control Register (NMICR:0x03FE1) 


The non-maskable interrupt control register (NMICTR) is stored the non maskable interrupt request. When the 
non-maskable interrupt request is generated, the interrupt is accepted regardless of the interrupt mask level (IMn) 
of PSW. The hardware then branches program to the address stored at location 0x04004 in the interrupt vector 
table. The watchdog timer overflow interrupt request flag (WDIR) is set to “1” when the watchdog timer over- 
flows. The program interrupt request flag (PIR) is set to “1” when the undefined instruction is executed. 

Setting PIR or WDIR flag to be “1” enable non-maskable interrupt request to be set compulsory. 


Table:3.2.2 Non-maskable Interrupt Control Register (NMICR:0x03FE1) 

bp 2 1 0 
Flag IRQNPG | IRQNWDG_| Reserved 
At reset 0 0 0 



































Access 


Description 





IRQNPG Program interrupt request flag 
0:No interrupt request 
1:Interrupt request generated 


IRQNWDG _ | Watchdog interrupt request flag 
0:No interrupt request 
1:Interrupt request generated 








Reserved Set always to “0” 














interrupt at the same time of the setting of the program interrupt request flag IRQNPG. 
When the setting of the IRQNPG flag is confirmed by the non-maskable interrupt process 
program, the softreset is recommended by outputting “O” to the reset pin (P27). 


< When the undefined instruction is going to be executed, this LSI generates the non-maskable 
a 
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@ External Interrupt 0 Control Register (IRQOICR) 


The external interrupt 0 control register (IRQOICR) controls interrupt level of the external interrupt 0, valid edge, 
interrupt enable and interrupt request. Interrupt control register should be operated when the maskable interrupt 
enable flag (MIE) of PSW is “0”. 


Table:3.2.3 External Interrupt 0 Control Register (IRQO0ICR:0x03FE2) 


7 6 1 0 





IRQOLV1 | IRQOLVO IRQOIE IRQOIR 





0 0 0 0 
































Description 


IRQOLV1 Interrupt level flag 
IRQOLVO The CPU has interrupt levels from 0 to 3. This flag sets the interrupt level for 


interrupt requests. 





REDGO Interrupt valid edge flag (at the standby mode) 
0:Falling edge (low level) 
1:Rising edge (high level) 








IRQOIE Interrupt enable flag 
0:Disable interrupt 
1:Enable interrupt 





IRQOIR Interrupt request flag 
0:No interrupt request 
1:Interrupt request generated 
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@ External Interrupt 1 Control Register (IRQ1ICR) 


The external interrupt | control register (IRQIICR) controls interrupt level of external interrupt 1, valid edge, 
interrupt enable and interrupt request. Interrupt control register should be operated when the maskable interrupt 
enable flag (MIE) of PSW is “0”. 


Table:3.2.4 External Interrupt 1 Control Register (IRQ1ICR:0x03FE3) 


7 


6 1 0 





IRQ1LV1 


IRQ1LVO IRQUIE IRQ1IR 





0 





0 0 0 


























IRQ1LV1 
IRQ1LVO 


Description 


Interrupt level flag 
The CPU has interrupt levels from 0 to 3. This flag sets the interrupt level for 
interrupt requests. 





REDG1 


Interrupt valid edge flag (at the standby mode) 
0:Falling edge (low level) 
1:Rising edge (high level) 








IRQUE 


Interrupt enable flag 
0:Disable interrupt 
1:Enable interrupt 





IRQ1IR 








Interrupt request flag 
0:No interrupt request 
1:Interrupt request generated 
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@ External Interrupt 2 Control Register (IRQ2ICR) 


The external interrupt 2 control register (IRQ2ICR) controls interrupt level of external interrupt 2, valid edge, 
interrupt enable and interrupt request. Interrupt control register should be operated when the maskable interrupt 
enable flag (MIE) of PSE is “0”. 


Table:3.2.5 External Interrupt 2 Control Register (IRQ2ICR:0x03FE4 
7 6 1 0 


IRQ2LV1_ | IRQ2LVO IRQ2IE IRQ2IR 
0 0 0 0 



































Description 


IRQ2LV1 Interrupt level flag 
IRQ2LV0 The CPU has interrupt levels from 0 to 3. This flag sets the interrupt level for 


interrupt requests. 





REDG2 Interrupt valid edge flag (at the standby mode) 
0:Falling edge (low level) 
1:Rising edge (high level) 








IRQ2IE Interrupt enable flag 
0:Disable interrupt 
1:Enable interrupt 





IRQ2IR Interrupt request flag 
0:No interrupt request 
1:Interrupt request generated 
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@ External Interrupt 4 Control Register (IRQ1ICR:0x03FE3) 


The external interrupt 4 control register (IRQ4ICR) controls interrupt level of external interrupt 4, valid edge, 
interrupt enable flag and interrupt request. Interrupt control register should be operated when the maskable inter- 
rupt enable flag (MIE) of PSW is “0”. 


Table:3.2.6 External Interrupt 4 Control Register (IRQ4ICR:0x03FE6) 


7 


6 1 0 





IRQ4LV1 


IRQ4LVO IRQ4IE IRQ4IR 





0 





0 0 0 


























IRQ4LV1 
IRQ4LVO 


Description 


Interrupt level flag 
The CPU has interrupt levels from 0 to 3. This flag sets the interrupt level for 
interrupt requests. 








IRQ4IE 


Interrupt enable flag 
0:Disable interrupt 
1:Enable interrupt 





IRQ4IR 








Interrupt request flag 
0:No interrupt request 
1:Interrupt request generated 
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@ Timer 0 Interrupt Control Register (TMOICR) 


The timer 0 interrupt control register (TMOICR) controls interrupt level of timer 0 interrupt, interrupt enable flag 


and interrupt request. Interrupt control register should be operated when the maskable interrupt enable flag (MIE) 
or PSW is “O”. 


Table:3.2.7 Timer 0 Interrupt Control Register (TMOICR:0x03FE7) 


dE 6 
TMOLV1 TMOLVO 
0 0 



































Description 


TMOLV1 Interrupt level flag 


TMOLVO This 2-bit flag sets the interrupt level by assigning an interrupt level of 0 to 3 to 
interrupt requests. 








Interrupt enable flag 
0:Disable interrupt 
1:Enable interrupt 





Interrupt request flag 
0:No interrupt request 
1:Interrupt request generated 
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@ Timer 1 Interrupt Control Register (TM1ICR) 


The timer | interrupt control register (TM1ICR) controls interrupt level of timer 1 interrupt, interrupt enable flag 
and interrupt request. Interrupt control register should be operated when the maskable interrupt enable flag (MIE) 


or PSW is “0”. 


Table:3.2.8 Timer 1 Interrupt Control Register (TM1ICR:0x03FE8) 


7 


6 





TMiLV1 


TMiLVO 





0 





0 


























TMiLV1 
TMiLVO 


Description 


Interrupt level flag 


This 2-bit flag sets the interrupt level by assigning an interrupt level of 0 to 3 to 
interrupt requests. 








Interrupt enable flag 
0:Disable interrupt 
1:Enable interrupt 











Interrupt request flag 
0:No interrupt request 
1:Interrupt request generated 





Control Registers Ill - 25 


Chapter 3 
Interrupts 


@ Timer 2 Interrupt Control Register (TM2ICR) 


The timer 2 interrupt control register (TM2ICR) controls interrupt level of timer 2 interrupt, interrupt enable flag 


and interrupt request. Interrupt control register should be operated when the maskable interrupt enable flag (MIE) 
or PSW is “O”. 


Table:3.2.9 Timer 2 Interrupt Control Register (TM2ICR:0x03FE9) 


vA 6 
TM2LV1 TM2LV0 
0 0 



































Description 


TM2LV1 Interrupt level flag 


TM2LV0O This 2-bit flag sets the interrupt level by assigning an interrupt level of 0 to 3 to 
interrupt requests. 








Interrupt enable flag 
0:Disable interrupt 
1:Enable interrupt 





Interrupt request flag 
0:No interrupt request 
1:Interrupt request generated 
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@ Timer 3 Interrupt Control Register (TM3ICR) 


The timer 3 interrupt control register (TM3ICR) controls interrupt level of timer 3 interrupt, interrupt enable flag 
and interrupt request. Interrupt control register should be operated when the maskable interrupt enable flag (MIE) 


or PSW is “O”. 


Table:3.2.10 Timer 3 Interrupt Control Register (TM3ICR:0x03FEA) 


7 


6 





TM3LV1 


TM3LVO 





0 





0 


























TM3LV1 
TM3LVO 


Description 


Interrupt level flag 


This 2-bit flag sets the interrupt level by assigning an interrupt level of 0 to 3 to 
interrupt requests. 








Interrupt enable flag 
0:Disable interrupt 
1:Enable interrupt 











Interrupt request flag 
0:No interrupt request 
1:Interrupt request generated 
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@ Timer 6 Interrupt Control Register (TM6ICRB) 


The timer 6 interrupt control register (TM6ICR) controls interrupt level of timer 6 interrupt, interrupt enable flag 


and interrupt request. Interrupt control register should be operated when the maskable interrupt enable flag (MIE) 
or PSW is “0”. 


Table:3.2.11 Timer 6 Interrupt Control Register (TM6ICR:0x03FEB) 
7 6 


TM6LV1 TM6LVO 
0 0 



































Description 


TM6LV1 Interrupt level flag 


TM6LVO This 2-bit flag sets the interrupt level by assigning an interrupt level of 0 to 3 to 
interrupt requests. 








Interrupt enable flag 
0:Disable interrupt 
1:Enable interrupt 





Interrupt request flag 
0:No interrupt request 
1:Interrupt request generated 
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Mm Time Base Interrupt Control Register (TBICR) 


The time base interrupt control register (TBICR) controls interrupt level of time base interrupt, interrupt enable 
flag and interrupt request. Interrupt control register should be operated when the maskable interrupt enable flag 
(MIE) of PSW is “0”. 


Table:3.2.12 Time Base Interrupt Control Register (TBICR:0x03FEC) 



































Description 


Interrupt level flag 
This 2-bit flag sets the interrupt level by assigning an interrupt level of 0 to 3 to 
interrupt requests. 








Interrupt enable flag 
0:Disable interrupt 
1:Enable interrupt 





Interrupt request flag 
0:No interrupt request 
1:Interrupt request generated 
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@ Timer 7 Interrupt Control Register (TM7ICR) 


The timer 7 interrupt control register (TM7ICR) controls interrupt level of timer 7 interrupt, interrupt enable flag 


and interrupt request. Interrupt control register should be operated when the maskable interrupt enable flag (MIE) 
of PSW is “O”. 


Table:3.2.13 Timer 7 Interrupt Control Register (TM7ICR:0x03FED) 


ds 6 
TM7LV1 TM7LVO 
0 0 



































Description 


TM7LV1 Interrupt level flag 


TMOLVO This 2-bit flag sets the interrupt level by assigning an interrupt level of 0 to 3 to 
interrupt requests. 








Interrupt enable flag 
0:Disable interrupt 
1:Enable interrupt 





Interrupt request flag 
0:No interrupt request 
1:Interrupt request generated 
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m@ Timer 7 Compare Register 2-match Interrupt Control Register (T7OC2ICR) 


The timer 7 compare register 2-match interrupt control register (T7O0C2ICR) controls interrupt level of timer 7 
compare register 2-match interrupt, interrupt enable flag and interrupt request. Interrupt control register should be 
operated when the maskable interrupt enable flag (MIE) of PSW is “0”. 


Table:3.2.14 Timer 7 Compare Register 2-match Interrupt Control Register (T7OC2ICR:0x03FEE) 



































bp 7 6 5 4 3 2 1 0 

Flag T70C2LV | T7OC2LV | - - - - T7OC2IE | T7OC2IR 
1 0 

At reset 0 0 - - - - 0 0 

Access R/W 





Description 


T70C2LV1 Interrupt level flag 
T7O0C2LV0_ | This 2-bit flag sets the interrupt level by assigning an interrupt level of 0 to 3 to 
interrupt requests. 








T7O0C2lE Interrupt enable flag 
0:Disable interrupt 
1:Enable interrupt 





T70C2IR Interrupt request flag 
0:No interrupt request 
1:Interrupt request generated 
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@ Serial 0 UART Reception Interrupt Control Register (SCORICR) 


The serial 0 UART reception interrupt control register (SCORICR) controls interrupt level of timer 0 interrupt, 
interrupt enable flag and interrupt request. Interrupt control register should be operated when the maskable inter- 
rupt enable flag (MIE) of PSW is “0”. 


Table:3.2.15 Serial 0 UART Reception Interrupt Control Register (SCORICR:0x03FEF) 


7 


6 


1 


0 





SCORLV1 


SCORLVO 


SCORIE 


SCORIR 





0 


0 




















0 





0 








SCORLV1 
SCORLVO 


Description 


Interrupt level flag 


interrupt requests. 


This 2-bit flag sets the interrupt level by assigning an interrupt level of 0 to 3 to 








SCORIE 


Interrupt enable flag 
0:Disable interrupt 
1:Enable interrupt 





SCORIR 
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Interrupt request flag 
0:No interrupt request 
1:Interrupt request generated 
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The serial 0 UART transmission interrupt control register (SCOTICR) controls interrupt level of timer 0 interrupt, 
interrupt enable flag and interrupt request. Interrupt control register should be operated when the maskable inter- 
rupt enable flag (MIE) of PSW is “0”. 


Table:3.2.16 


bp 


Serial O UART Transmission Interrupt Control Register (SCOTICR:0x03FFO) 


7 


6 


1 


0 





Flag 


SCOTLV1 


SCOTLVO 


SCOTIE 


SCOTIR 





At reset 


0 











0 











0 





0 





Access 





SCOTLV1 
SCOTLVO 


Description 


Interrupt level flag 


interrupt requests. 


This 2-bit flag sets the interrupt level by assigning an interrupt level of 0 to 3 to 








SCOTIE 


Interrupt enable flag 
0:Disable interrupt 
1:Enable interrupt 





SCOTIR 





Interrupt request flag 
0:No interrupt request 
1:Interrupt request generated 
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@ Serial 1 UART Reception Interrupt Control Register (SC1RICR) 


The serial 1 UART reception interrupt control register (SC 1RICR) controls interrupt level of timer 0 interrupt, 
interrupt enable flag and interrupt request. Interrupt control register should be operated when the maskable inter- 
rupt enable flag (MIE) of PSW is “0”. 


Table:3.2.17 Serial 1 VART Reception Interrupt Control Register (SC1RICR:0x03FF1) 


7 


6 


1 


0 





SC1RLV1 


SC1RLVO 


SC1RIE 


SC1RIR 





0 


0 




















0 





0 








SC1RLV1 
SC1RLVO 


Description 


Interrupt level flag 


interrupt requests. 


This 2-bit flag sets the interrupt level by assigning an interrupt level of 0 to 3 to 








SC1RIE 


Interrupt enable flag 
0:Disable interrupt 
1:Enable interrupt 





SC1RIR 
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Interrupt request flag 
0:No interrupt request 
1:Interrupt request generated 
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The serial 1 UART transmission interrupt control register (SC1TICR) controls interrupt level of timer 0 interrupt, 
interrupt enable flag and interrupt request. Interrupt control register should be operated when the maskable inter- 
rupt enable flag (MIE) of PSW is “0”. 


Table:3.2.18 


bp 


Serial O UART Transmission Interrupt Control Register (SCOTICR:0x03FF2) 


7 


6 


1 


0 





Flag 


SC1TLV1 


SC1TLVO 


SCITIE 


SC1ITIR 





At reset 


0 











0 











0 





0 





Access 





SC1TLV1 
SC1TLVO 


Description 


Interrupt level flag 


interrupt requests. 


This 2-bit flag sets the interrupt level by assigning an interrupt level of 0 to 3 to 








SCITIE 


Interrupt enable flag 
0:Disable interrupt 
1:Enable interrupt 





SC1TIR 





Interrupt request flag 
0:No interrupt request 
1:Interrupt request generated 
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@ Serial 3 Interrupt Control Register (SC3ICR) 


The serial 3 interrupt control register (SC3ICR) controls interrupt level of serial 3 interrupt, interrupt enable flag 
and interrupt request. Interrupt control register should be operated when the maskable interrupt enable flag (MIE) 
of PSW is “O”. 


Table:3.2.19 Serial 3 Interrupt Control Register (SC3ICR:0x03FF3) 
7 6 


SC3LV1 SC3LVO 
0 0 



































Description 


SC3LV1 Interrupt level flag 
SC3LVO This 2-bit flag sets the interrupt level by assigning an interrupt level of 0 to 3 to 
interrupt requests. 








Interrupt enable flag 
0:Disable interrupt 
1:Enable interrupt 





Interrupt request flag 
0:No interrupt request 
1:Interrupt request generated 
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m A/D Conversion Interrupt Control Register (ADICR) 


The A/D conversion interrupt control register (ADICR) controls interrupt level of A/D conversion interrupt, inter- 
rupt enable flag and interrupt request. Interrupt control register should be operated when the maskable interrupt 
enable flag (MIE) of PSW is “0”. 


Table:3.2.20 A/D Conversion Interrupt Control Register (ADICR:0x03FF4) 



































Description 


Interrupt level flag 
This 2-bit flag sets the interrupt level by assigning an interrupt level of 0 to 3 to 
interrupt requests. 








Interrupt enable flag 
0:Disable interrupt 
1:Enable interrupt 





Interrupt request flag 
0:No interrupt request 
1:Interrupt request generated 
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@ Serial 4 Interrupt Control Register (SC4ICR) 


The serial 4 interrupt control register (SC4ICR) controls interrupt level of serial 4 interrupt, interrupt enable flag 
and interrupt request. Interrupt control register should be operated when the maskable interrupt enable flag (MIE) 
of PSW is “O”. 


Table:3.2.21 Serial 4 Interrupt Control Register (SC4ICR:0x03FF5) 
7 6 


SC4LV1 SC4LV0 
0 0 



































Description 


SC4LV1 Interrupt level flag 
SC4LVO This 2-bit flag sets the interrupt level by assigning an interrupt level of 0 to 3 to 
interrupt requests. 








Interrupt enable flag 
0:Disable interrupt 
1:Enable interrupt 





Interrupt request flag 
0:No interrupt request 
1:Interrupt request generated 
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@ Timer 8 Interrupt Control Register (TM8ICR) 


The timer 8 interrupt control register (TM8ICR) controls interrupt level of timer 8 interrupt, interrupt enable flag 
and interrupt request. Interrupt control register should be operated when the maskable interrupt enable flag (MIE) 


of PSW is “O”. 


Table:3.2.22 Timer 8 Interrupt Control Register (TM8ICR:0x03FF6) 


7 


6 





TM8LV1 


TM8LVO 





0 





0 


























TM8LV1 
TM8LVO 


Description 


Interrupt level flag 


This 2-bit flag sets the interrupt level by assigning an interrupt level of 0 to 3 to 
interrupt requests. 








Interrupt enable flag 
0:Disable interrupt 
1:Enable interrupt 











Interrupt request flag 
0:No interrupt request 
1:Interrupt request generated 
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m@ Timer 8 Compare Register 2-match Interrupt Control Register (T8OC2ICR) 


The timer 8 compare register 2-match interrupt control register (T8OC2ICR) controls interrupt level of timer 8 
compare register 2-match interrupt, interrupt enable flag and interrupt request. Interrupt control register should be 
operated when the maskable interrupt enable flag (MIE) of PSW is “0”. 


Table:3.2.23 Timer 8 Compare Register 2-match Interrupt Control Register (T8OC2ICR:0x03FF7) 



































bp 7 6 5 4 3 2 1 0 

Flag T8O0C2LV | T8OC2LV | - - - - T8OC2IE | T8OC2IR 
1 0 

At reset 0 0 - - - - 0 0 

Access R/W 





Description 


T80C2LV1 Interrupt level flag 


T8OC2LV0_ | This 2-bit flag sets the interrupt level by assigning an interrupt level of 0 to 3 to 
interrupt requests. 








T80C2lE Interrupt enable flag 
0:Disable interrupt 
1:Enable interrupt 





T8OC2IR Interrupt request flag 
0:No interrupt request 
1:Interrupt request generated 
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3.3 External Interrupts 


There are 4 external interrupts in this LSI. The circuit (external interrupt interface), operates the external interrupt 
input signal, is built-in between the external interrupt input pin and the external interrupt block. This external 
interrupt interface can manage to do with any kind of external interrupts. 


3.3.1 Overview 
ee 


Table:3.3.1 shows the list of functions which external interrupts 0 to 2 and 4 are used. 


Table:3.3.1 External Interrupt Functions 






































External Programmab | Both edges Noise filter AC zero Key input 
interrupt le active interrupt built-in cross interrupt 
input pin edge detection 

External inter- | P54 O . O O - 

rupt 0 

External inter- | P55 O - O O i 

rupt 1 

External inter- | P56 O O 7 = = 

rupt 2 

External inter- | - = - = = O 

rupt 3 











| Because the external interrupt event and the AC zero-cross is acknowledged by the rising of 
= the system clock, the pulse which is shorter than the system clock cycle is neglected. 








System clock x 2 for the interrupt factor generation is needed at the maximum against the 
\ external interrupt event from the pin because all synchronous circuits are inserted. 
a 
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Block Diagram 


3.3.2 


@ External Interrupt 0 Interface Block Diagram 
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Figure:3.3.1 External Interrupt 0 Interface Block Diagram 
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@ External Interrupt 1 Interface Block Diagram 
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Figure:3.3.2 External Interrupt 1 Interface Block Diagram 
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@ External Interrupt 2 Interface Block Diagram 
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Figure:3.3.3 External Interrupt 2 Interface Block Diagram 
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Figure:3.3.4 External Interrupt 4 Interface Block Diagram 
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@ External Interrupt 4 Interface Block Diagram 
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3.3.3 Control Registers 


The external interrupt input signals, which passed through each internal interrupt interface 0 to 2 and 4 generate 
interrupt requests. 


External interrupt 0 to 2 and 4 interface are controlled by the external interrupt control register IRQnICR). 
External interrupt interface 0 to | are controlled by the noise filter control register (NFCTR) and the prescaler 
control register (PSCMD), and external interrupt interface 2 is controlled by the both edges interrupt control reg- 
ister (EDGDT), and external interrupt interface 4 is controlled by the key interrupt control register 1 
(KEYT3_1IMD) and the key interrupt control register 2 (KEYT3_2IMD). 


Table:3.3.2 shows the list of registers, which control external interrupt 0 to 2 and 4. 


Table:3.3.2 External Interrupt Control Register 



























































External Register Address R/W | Function Page 
interrupt 
External inter- IRQOICR Ox03FE2 | R/W | External interrupt 0 control register Ill-20 
ce NFCTR Ox03F2E | R/W | Noise filter control register IlI-48 
PSCMD Ox03F6D | R/W | Prescaler control register IIl-47 
External inter- IRQ1ICR Ox03FE3 | R/W | External interrupt 1 control register Wl-21 
ee NFCTR Ox03F2E | R/W | Noise filter control register I-48 
PSCMD Ox03F6D | R/W | Prescaler control register IIl-47 
External inter- IRQ2ICR Ox03FE4 | R/W | External interrupt 2 control register I-22 
nee EDGDT Ox03F1E | R/W | Both edges interrupt control register IlI-53 
External inter- IRQ4ICR Ox03FE6 | R/W | External interrupt 4 control register Ill-23 
mere KEYT3_ 11 Ox03F3E | R/W | Key interrupt control register 1 IlI-50 
MD 
KEYT3_ 21 Ox03F3F | R/W | Key interrupt control register 2 I-54 
MD 
R/W:Readable/Writable 
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™@ Prescaler Control Register (PSCMD) 


Prescaler control register enables or disables the prescaler count. Prescaler is used when the dividing clock of fs 
base is used at IRQO, IRQI. 


Table:3.3.3 Prescaler Control Register (PSCMD:0x03F6D) 






































Prescaler count control 
0:Disable count 
1:Enable count 
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@ Noise Filter Control Register (NFCTR) 


The noise filter control register (NFCTR) sets the noise remove function to IRQO and IRQI and also selects the 
sampling cycle of noise remove function. And this register also sets the AC zero cross detection function to 


IRQI. 


Table:3.3.4 Noise Filter Control Register (NFCTR:0x03F2E) 


6 


5 


2 


1 





NF1SCK1 | NF1SCKO 


NFOSCK1 


NFOSCKO 








0 


0 














0 





0 








P55IM 


Description 


ACZ input enable flag 
0:Disable ACZ input 
1:Enable ACZ input 








6-5 


NF1SCK1 
NF1SCKO 


IRQ1/noise sampling period 
00:fosc 


01:fosc/2” 
10:fosc/28 
11 :fosc/29 





NF1ENM 


IRQ1/noise filter setup 
0:Noise filter OFF 
1:Noise filter ON 





P54IM 


ACZO input enable flag 
0:ACZO interrupt disable 
1:ACZO interrupt enable 





2-1 


NFOSCK1 
NFOSCKO 


IRQO/noise sampling period 
00:fosc 


01:fosc/2” 
10:fosc/28 
11 :fosc/29 








NFOENM 
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IRQO/noise filter setup 
0:Noise filter OFF 
1:Noise filter ON 
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@ Both Edges Interrupt Control Register (EDGDT) 


The both edges interrupt control register (EDGDT) selects interrupt edges of IRQ2. Interrupts are generated at 
both edges, or at single edge. The external interrupt control register (IRQ2ICR) specifies whether interrupts are 


generated. 


Table:3.3.5 Both Edges Interrupt Control Register (EDGDT:0x03F1E) 


2 





EDGSEL1 








0 


























Description 





EDGSEL1 


IRQ2 both edges interrupt selection 
0:Programmable active edge interrupt selection 
1:Both edges interrupt selection 
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@ Key Interrupt Control Register 1 (KEYT3_1IMD) 


The key interrupt control register | selects if key interrupt is accepted. Also, this register assigns KEY input to 
key interrupt in 2-bit unit. 


Table:3.3.6 Key Interrupt Control Register 1 (KEYT3_1IMD:0x03F3E) 



































bp 7 6 5 4 3 2 1 0 

Flag KEYTSSE | - - - KEYT3_1 | KEYT3_1 | KEYT3_1 | KEYT3_1 
L EN3 EN2 EN1 ENO 

At reset 0 - - - 0 0 0 0 

Access R/W 





KEYT3SEL 


Description 


Key interrupt control 
0:Key interrupt disable 
1:Key interrupt enable 








KEYT3_1EN3 


KEYS interrupt selection 
0:Disable 
1:Enable 





KEYT3_1EN2 


KEY2 interrupt selection 
0:Disable 
1:Enable 





KEYT3_1EN1 


KEY 1 interrupt selection 
0:Disable 
1:Enable 
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KEYT3_1ENO 


External Interrupts 





KEYO interrupt selection 
0:Disable 
1:Enable 
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@ Key Interrupt Control Register 2 (KEYT3_2IMD) 
The key interrupt control register 2 assigns KEY input to key interrupt in 1-bit unit. 
Table:3.3.7 Key Interrupt Control Register 2 (KEYT3_2IMD:0x03F3F) 


3 2 1 0 


KEYT3_2 | KEYT3_2 | KEYT3 2 | KEYT3.2 
EN3 EN2 EN1 ENO 


0 0 0 0 



































Description 





KEYT3_2EN3 | KEY7 interrupt selection 
0:Disable 
1:Enable 





KEYT3_2EN2 | KEY6 interrupt selection 
0:Disable 
1:Enable 


KEYT3_2EN1 | KEY5 interrupt selection 
0:Disable 
1:Enable 


KEYT3_2EN0 | KEY4 interrupt selection 
0:Disable 
1:Enable 
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3.3.4 Programmable Active Edge Interrupt 





m Programmable Active Edge Interrupts (External interrupts 0 to 2) 


The programmable active edge interrupt can select the rising/falling edge about the signal which is input from the 
external interrupt input pin and generate the interrupt at the selected edge. Also, if the value which is set to the 
external interrupt valid edge specify flag and the level of the external interrupt pin are matched, it is possible from 


the standby mode. 





the external interrupt pin level are matched, the interrupt is generated. (refer to Figure:3.3.1 


< At the standby mode, if the value that is set to the external interrupt valid specified flag and 


to Figure:3.3.5.) 


[Chapter 3 3.3.9. External Interrupt At the Standby Mode] 





mM Programmable Active Edge Interrupt Setup Example (External interrupt 0 to 2) 


External interrupt 0 IRQO) is generated at the rising edge of the input signal from P54. 


The table below shows a setup example of IRQO. 





Setup Procedure 


Description 





(1) Specify the interrupt active edge 
IRQOICR(0x03FE2) 
bp5AFREDGO =1 


(2) Set the interrupt level 
IRQOICR (0x03FE2) 
bp7-6:IRQOLV1-0 =10 


(3) Enable the interrupt 
IRQOICR (0x03FE2) 
bp1:IRQOIE =1 








(1) Set the REDGO flag of the external interrupt 0 control 
register (IRQOICR) to “1” to specify the rising edge as 
the active edge for interrupts. 


(2) Set the interrupt priority level in the IRQOLV1 to 0 flag of 
the IRQOICR register. 


(3) Set the IRQOIE flag of the IRQOICR register to “1” enable 
the interrupt. 








External interrupt 0 is generated at the rising edge of the input signal from P54. 





valid edge before the interrupt permission. 


< The interrupt request flag can be set at switching the interrupt edge, so specify the interrupt 








The external interrupt pin is recommended to be pull-up in advance. 
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3:3.) Both Edges Interrupt 





@ Both Edges Interrupt (External interrupt 2) 


Both edges interrupt can generate interrupt at both the falling edge and the rising edge by the input signal from 
external input pins. CPU also can be returned from standby mode. 





the external interrupt pin level are matched, the interrupt is generated. (refer to Figure:3.3.1 
to Figure:3.3.5.) 
[Chapter 3 3.3.9. External Interrupt At the Standby Mode 


< At the standby mode, if the value that is set to the external interrupt valid specified flag and 





M@ Both Edges Interrupt Setup Example (External interrupt 2) 


External interrupt 2 IRQ2) is generated at the both edges of the input signal from P56 pin. 
The table below shows a setup example of IRQ2. 








Setup Procedure Description 
(1) Select the both edges interrupt (1) Set the EDGSEL flag of the both edges interrupt control 
EDGDT (0x03F2E) register (EDGDT) to “1” to select the both edges 
bp2:EDGSEL2 =1 interrupt. 
(2) Set the interrupt level (2) Set the interrupt level by the IRQ2LV1 to 0 flag of the 
IRQ2ICR (0x03FE3) IRQ2ICR register. The interrupt request flag of the 
bp7-6:IRQ2LV1-0 =10 IRQ2ICR register may be set, so make sure to clear the 


interrupt request flag (IRQ2IR). 
[Chapter 3. 3.1.4 Interrupt flag setup] 


(3) Enable the interrupt (3) Set the IRQ2IE flag of the IRQ2ICR register to “1” to 
IRQ2ICR (0x03FE3) enable the interrupt. 
bp1:IRQ2IE =1 














At the both edges of the input signal from P56 pin, an external interrupt 2 is generated. 
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When the both edges interrupt is selected, the interrupt request is generated at the both 
edge, regardless of the REDGn flag of the external interrupt control register (IRQnICR). 








request flag before the interrupt acceptance. Also, select the both edges interrupt before the 


< The interrupt request flag may be set at switching the interrupt edge. So, clear the interrupt 
* interrupt acceptance. 








The external interrupt pis is recommended to be pull-up, in advance. 
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3.3.6 Key Input Interrupt 





M@ Key Input Interrupt (External interrupt 4) 


This LSI can set port 7 (P70 to P77) pin by 1| bit to key input pin. An interrupt can be generated at the falling 
edge, if at least 1 key input pin outputs low level. (Standby mode can be recovered by the key interrupt.) 


Key input pin should be pull-up in advance. 


@ Key Input Interrupt Setup Example (External interrupt 4) 








After P70 to P73 of port 4 are set to key input pins and key is input (low level), the external interrupt 4 (IRQ4) is 
generated. 
An example setup procedure, with a description of each step is shown below. 





Setup Procedure Description 








(1) Set the key input to input 
P7DIR (0x03F34) 
bp3-0:P7DIR3-0 =0000 


(2) Set the pull-up resistor 
P7PLU (0x03F44) 
bp3-0:P7PLU3-0 =1111 


(3) Select the key input interrupt 
KEYT3_1IMD (0x03F3E) 
bp7:KEYT3_1SEL =1 


(4) Select the key input pin 
KEYT3_1IMD (0x03F3E) 
bp1-0:KEYT3_1EN2-1 =11 


(5) Set the interrupt level 
IRQ4ICR (0x03FE6) 
bp7-6:IRQ4LV1-0 =10 


(6) Enable the interrupt 
IRQ4ICR (0x03FE6) 
bp1:IRQ4IE =1 





(1) Set the P7DIR3 to 0 flag of the port 7 direction control 
register (P7DIR) to “0000” to set P70 to P73 pins to 
input pins. 


(2) Set the P7PLU3 to 0 flag of the port 7 pull-up resistor 
control register (P7PLU) to “1111” to add the pull-up 
resistors to P70 to P73 pins. 


(3) Set the KEYT3SEL flag of the key interrupt control 
register (KEYT3_1IMD) to “1” to enable the key 
interrupt. 


(4) Set the KEYT3_1EN1 to 0 of the key interrupt control 
register (KEYT3_1IMD) to “1111” to set P70 to P73 pins 
to key input pins. 


(5) Set the interrupt level by the IRQ4LV1 to 0 flag of the 
IRQ4ICR register. 
If the interrupt request flag has been already set, clear 
the request flag. 
[Chapter 3 3.1.4. Interrupt Flag Setup] 


(6) Set the IRQ4IE flag of the IRQ4ICR register to “1” to 
enable the interrupt. 








* Above (3) and (4) can be set at the same time. 


If there is at least one input signal, from the P70 to P73 pins, shows low level, the external interrupt 4 is generated 
at the falling edge. 


The key input should be setup before the interrupt is accepted. 
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3.3.7 Noise Filter 
Soe aE 


M@ Noise Filter (External interrupts 0 and 1) 


Noise filter reduce noise by sampling the input waveform from the external interrupt pins IRQO, IRQ1). Its sam- 


pling cycle can be selected from 4 types (fosc, fosc/2’, fosc/28, fosc/2”) 
M@ Noise Remove Selection (External interrupts 0 and 1) 


Noise remove function can be selected by setting the NFnEN flag of the noise filter control register (NFCTR) to 
dl ii 


Table:3.3.8 Addition of Noise Remove Function 











NFnEN IRQ input (P54) IRQ input (P55) 
0 IRQO noise filter OFF IRQ1 noise filter OFF 
1 IRQO noise filter ON IRQ1 noise filter ON 

















M@ Sampling Cycle Setup (External interrupts 0 and 1) 
The sampling cycle of noise remove function can be set by the NFnSCK2 to 0 flag of the NFCTR register. 


Table:3.3.9 Sampling Cycle / Time of Noise Remove Function 

















NFnCKS1 NFnCKSO | Sampling cycle fs=10 MHz, fx/32.768 kHz 
0 fosc 10 MHz 100 ns 

; 1 fosc/2” 78.125 kHz 12.80 ps 
0 fosc/28 39.062 kHz 25.60 us 

1 fosc/29 19.521 kHz 51.20 us 
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M@ Noise Remove Function Operation (External interrupts 0 and 1) 


After sampling the input signal to the external interrupt pins (IRQO, IRQ1) with the set sampling time, if the same 
level comes continuously three times, that level is sent to the inside of LSI. If the same level does not come con- 
tinuously three times, the previous level is sent. It means that only the signal with the amplitude of longer than 
“Sampling time X 3 sampling clock” can pass through the noise filter, and other signals with amplitude shorter 
than this are removed, because those are regarded as noise. 


memes pee A 


IRQn pin input 
signal 








Signal after 
filtering noise 
0 0 1 1 1 1 1 0 0 


Figure:3.3.5 Noise Remove Function Operation 


Noise filter cannot be used at STOP mode and HALT mode. 


< Noise filter can be uses at the SLOW mode. However, sampling timing gets slow extremely. 
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M@ Noise Filter Setup Example (External interrupt 0 and 1) 


Noise remove function is added to the input signal from P54 pin to generate the external interrupt 0 (IRQO) at the 


rising edge. The sampling clock is set to fosc/2’, and the operation state is fs = 10 MHz. An example setup pro- 
cedure, with a description of each step is shown below. 





Setup Procedure 


Description 





(1) Specify the interrupt valid edge 
IRQOICR (0x03FE2) 
bp5:REDGO =1 


(2) Select the sampling clock 
NFCTR (0x03F2E) 
bp2-1:NFOSCK1-0 =01 


(3) Set the noise filter operation 
NFCTR (0x03F2E) 
bpO:NFOEN =1 


(4) Set the interrupt level 
IRQOICR (0x03FE2) 
bp7-6:IRQOLV1-0 =10 


(5) Enable the interrupt 
IRQOICR (0x03FE2) 
bp1:IRQOIE =1 





* Above (2) and (3) can be set at the same time. 





(1) Set the REDGO flag of the external interrupt 0 control 
register (IRQOICR) to “1” to specify the interrupt valid 
edge to the rising edge. 


(2) Select the sampling clock to fosc/2’ by the NFOSCK1 to 
0 flag of the noise filter control register (NFCTR). 


(3) Set the NFOEN flag of the NFCTR register to “1” to add 
the noise filter operation. 


(4) Set the interrupt level by the IRQOLV1 to 0 flag of the 
IRQOICR register. 
If the interrupt request flag has been already set, clear 
the request flag. 
[Chapter 3 3.1.4. Interrupt Flag Setup] 


(5) Set the IRQOIE flag of the IRQOICR register to “1” to 
enable the interrupt. 


The input signal from P54 pin outputs the interrupt factor at the edge that is followed to the programmable active 


edge after passing through the noise filter. 





< The noise filter should be setup before the interrupt is enabled. 








The external interrupt pins are recommended to be pull-up in advance. 
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3.3.8 AC Zero-Cross Detector 
a a ots 


This LSI has AC zero-cross detector circuit. The P54 / ACZO and P55/ACZ1 pins are the input pins of AC zero- 
cross detector circuit. AC zero-cross detector circuit output the high level when the input level is at the middle, 
and outputs the low level at other level. 


M AC Zero-Cross Detector (External interrupt 0 and 1) 


AC zero-cross detector set the IRQ] pin to the high level when the input signal (P54 / ACZO, P55/ACZ1 pins) is 
at intermediate range by AC zero-cross detector circuit. At the other level, IRQ1 pin set to the low level. AC 
zero-cross detector is set by setting the P55IM flag of the noise filter control register (NFCTR) to “1”. Also, it is 
possible to recover from the standby mode. 


approx. 10 ms at 50 Hz 
: approx. 8.3 ms at 60 Hz t 
AC line waveform < > 














Ideal — i— 























IRQ1 
Actual 
iRQ1 | | 





Point A. —» ; Point B —»! 


Figure:3.3.6 AC Line Waveform and IRQ1 Generation Timing 


Actual IRQ] interrupt request is generated several times at crossing the AC line waveform and the intermediate 
level (point A and B). So, the filtering operation by the program is needed. 


The interrupt request is generated at the rising edge of the AC zero-cross detector signal. 
The interrupt request is output at “H” level of the AC zero-cross detector signal at the standby 
mode. 
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M@ AC Zero-Cross Detector Setup Example (External interrupt 0 and 1) 


AC zero-cross detector generates the external interrupt 1 (IRQ1) by using P55/ACZ1 pin. 
An example of the setup procedure, with a description of each step is shown below. 


If the input level signal which is input from P55/ACZ1 pin cross with the intermediate level, the external interrupt 


1 is generated. 





Setup Procedure 


Description 





(1) Select the AC zero-cross detector signal 
NFCTR (0x03F2E) 
bp7:P55IM =1 


(2) Set the interrupt level 
IRQ1ICR (0x03FE3) 
bp7-6:IRQ1LV1-0 =10 


(3) Enable the interrupt 
IRQ1ICR (0x03FE3) 
bp1:IRQ1IE =1 








(1) Set the P21IM flag of the noise filter control register 
(NFCTR) to “1” to select the AC zero-cross detector 
signal as the external interrupt 1 generation factor. 


(2) Set the interrupt level by the IRQ1LV1 to 0 flag of the 
IRQ1ICR register. 
If the interrupt request flag has been already set, clear 
the interrupt flag. 
[Chapter 3 3.1.4. Interrupt Flag Setup] 


(3) Set the IRQ1IE flag of the IRQ1ICR register to “1” to 
enable the interrupt. 





When the input level of the input signal from P55/ACZ1 pin crosses with the intermediate level, the external 


interrupt | is generated. 
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3.3.9 External Interrupt At The Standby Mode 


@ External Interrupt at the Standby Mode (External interrupt 0 to 2) 
It is possible to recover from the standby mode by the external interrupt. 


At the standby mode, an interrupt is generated when the value set to the external interrupt valid edge specify flag 
matches the external interrupt pin level. Therefore, be aware of the value of the external interrupt valid edge spec- 
ify flag and the external interrupt pin level at the transition to the standby mode. If the value set to the external 
interrupt valid edge specify flag matches the external interrupt pin level at the transition to the standby mode, it 
recovers from the standby mode right away. 


M@ Setup Examples of the External Interrupt at the Standby Mode 


Recovery from STOP mode can be done by generation of the external interrupt 0 (IRQO) by the low level signal 
input from P54. An example setup procedure, with a description of each step is shown below. 








Setup Procedure Description 

(1) Specify the interrupt valid edge (1) Set the REDGO of the external interrupt 0 control register 
IRQOICR (0x03FE2) (IRQOICR) to “O” to specify the interrupt valid edge to 
bp5:REDGO =0 the rising edge. 

(2) Set the external interrupt pin (2) The value of the REDGO flag of the IRQOICR register 
The external interrupt 0 pin is pulled-up in and the external interrupt pin level is different. 
advance. 

(3) Set the interrupt level (3) Set the interrupt level by the IRQOLV1 to 0 flag of the 
IRQOICR (0x03FE2) IRQOICR register. 
bp7-6:IRQOLV1-0 =10 If the interrupt request has been already set, clear the 

interrupt request flag (IRQOIR). 

(4) Enable the interrupt (4) Set the IRQOIE flag of the IRQOICR register to “1” to 
IRQOICR (0x03FE2) enable the interrupt. 
bp1:IRQOIE =1 

(5) Set the STOP mode (5) Transfer to the STOP mode by setting STOP flag of the 
CPUM (0x03F00) CPU mode control register (CPUM) to “1”. 
bp3:STOP =1 [Chapter 2 2.4.4. Transition to Standby Modes] 














When the low level signal is input to P54 and the value of the external interrupt valid edge specify flag (REDGO) 
matches the external interrupt 0, the external interrupt 0 is accepted and recover from the STOP mode. 
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4.1 Overview 





4.1.1 I/O Port Overview 





A total of 40 pins on this LSI, including those shared with special function pins, are allocated for the I/O ports of 
port 1, port 2, port 3, port 5, port 7, port 9 and port A. 


4.1.2 I/O Port Status at Reset 


Table:4.1.1 I/O port status at reset (single chip mode) 


























Port I/O mode Pull-up/Pull-down resistor I/O port, special functions 
Port 1 Input mode P17 to P12: I/O port 
No pull-up/pull-down resistor 
P11, P10: 
Pull-up/pull-down resistor 
Port 2 Input mode P27:Pull-up resistor I/O port 
Port 3 Input mode P30 to P36: No pull-up resistor I/O port 
P37: Pull-down resistor 
Port 5 Input mode No pull-up resistor I/O port 
Port 7 Input mode No pull-up/pull-down resistor I/O port 
Port 9 Input mode P90: Pull-down resistor I/O port 
PortA Input mode PA3 to PAO: No pull-up resistor I/O port 


PA6 to PA4: Pull-down resistor 
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4.1.3 Control Registers 


Port 1, port 2, port3, port5, port 7, port 9 and port A are controlled by the data output register (PnOUT), the data 
input register (PnIN), the I/O direction control register (PnDIR), the pull-up resistor control register (PnPLU) or 
the pull-up/pull-down resistor control register (PnPLUD) and registers that control special function pin (PnROMD, 
PnIMD, PnSYO, PnSEV, PnCNTO, PnODC). 


Table:4.1.2 shows the registers to control port 1, port 2, port3, port5, port 7, port 9 and port A; 
Table:4.1.2 I/O Port Control Registers List 


Register Address Function 

P10OUT Ox03F 11 Port 1 output register 

P1IN 0x03F21 Port 1 input register 

P1DIR 0x03F31 Port 1 direction control register 











P1PLUD 0x03F41 Port 1 pull-up/pull-down resistor control register 
P10OMD 0x03F1C Port 1 output mode register 
P10DC 0x03F1B Port 1 Nch open-drain control register 











SELUD 0x03F4B Pull-up/pull-down resistor selection register 





P1CNTO 0x03F3D Port 1 real time output control register 0 
CLKOUT 0x03F1F Clock output control register 

P2OUT 0x03F12 Port 2 output register 

P30UT 0x03F13 Port 3 output register 

P3IN 0x03F23 Port 3 input register 

P3DIR 0x03F33 Port 3 direction control register 

















P3PLUD 0x03F43 Port 3 pull-up/pull-down resistor control register 





SELUD 0x03F4B Pull-up/pull-down resistor selection register 
P30DC 0x03F3B Port 3 Nch open-drain control register 
P50UT 0x03F15 Port 5 output register 

P5IN 0x03F25 Port 5 input register 

P5DIR 0x03F35 Port 5 direction control register 

















P5PLU 0x03F45 Port 5 pull-up resistor control register 
P50MD 0x03F2C Port 5 output mode register 

P7OUT 0x03F 17 Port 7 output register 

P7IN 0x03F27 Port 7 input register 

P7DIR 0x03F37 Port 7 direction control register 
P7PLUD 0x03F47 Port 7 pull-up resistor control register 
P7OMD 0x03F3C Port 7 output mode register 

P7ODC 0x03F1D Port 7 Nch open-drain control register 


























SELUD 0x03F4B Pull-up/pull-down resistor selection register 





P9OUT 0x03F19 Port 9 output register 
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Register 
P9IN 


0x03F29 


Function 


Port 9 input register 





P9DIR 


0x03F39 


Port 9 direction control register 





P9PLUD 


0x03F49 


Port 9 pull-up/pull-down resistor control register 





SELUD 


0x03F4B 


Pull-up/pull-down resistor selection register 





XSEL 


0x03F4C 


Port9 oscillation switching register 





PAOUT 


Ox03F1A 


Port A output register 





PAIN 


Ox03F2A 


Port A input register 





PADIR 


0x03F3A 


Port A direction control register 





PAPLUD 


0x03F4A 


Port A pull-up/pull-down resistor control register 





SELUD 


0x03F4B 


Pull-up/pull-down resistor selection register 





PAIMD 


O0x03F4E 


Port A input mode register 





PAODC 





0x03F2D 


R/W = Readable/Writable 


R = Readable only 


Overview 








PortA Nch open-drain control register 
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4.2.1 Description 





M@ General Port Setup 


To output data to pin, set the control flag of the port | direction control register (P1 DIR) to “1” and write the value 
of the port 1 output register (P1OUT). 


To read input data of pin, set the control flag of the port 1 direction control register (P1DIR) to “0” and read the 
value of the port 1 input register (PIIN). 


Each bit can be set individually as either an input or output by the port 1 I/O direction control register (P1 DIR). 
The control flag of the port 1 direction control register (P1DIR) is set to “1” for output mode, and “O” for input 
mode. 


Each bit can be set individually if pull-up or pull-down resistor is added or not, by the port | pull-up/pull-down 
resistor control register (PIPLUD). Set the control flag of the port 1 pull-up/pull-down resistor control register 
(PIPLUD) to “1” to add pull-up or pull-down resistor. 


Port 1 can be selected to add pull-up resistor or pull-down resistor by bp0 of the pull-up/pull-down resistor selec- 
tion register (SELUD). 


Each bit can be selected individually as input mode by the port 1 input mode register (PIIMD). The control flag 
of the port 1 input mode register (PIIMD) is set to “1” to output the special function data, and “0” to use as the 
general port. 


For P10, P11, P15 and P17, each bit can be selected individually as Nch open-drain output by the port 1 Nch 
open-drain control register (P1ODC). The control flag of the port 1 Nch open-drain control register (P1ODC) is 
set to “1” for Nch open-drain output, and “0” for push-pull output. 


HM Special Function Pin Setup 


P10 is used as the transmission/reception data I/O pin of IIC4, as well. When the SELI2C flag of the serial inter- 
face 4 addressing register 1 (SC4AD1) is “1”, P10 is the serial transmission/reception data I/O pin. Push-pull out- 
put or Nch open-drain output can be selected by setting the Port 1 Nch open-drain control register (P1ODC). 


P11 is used as the clock input pin of IIC, as well. When the SCLI2C flag of the serial interface 4 addressing reg- 
ister | (SC4AD1) is “1”, P11 is the serial clock input pin. Push-pull output or Nch open-drain output can be 
selected by setting the Port 1 Nch open-drain control register (PLODC). 


P12 is used as I/O pin of the timer 8, as well. The output mode can be selected by bp! of the port 1 output mode 
register (PLOMD) by each bit. The bp! of the port 1 output mode register (P1OMD) is set to “1” to output the 
special function data, and “0” to use as the general port. 


P13 is used as I/O pin of the timer 7, as well. The output mode can be selected by bp3 of the port 1 output mode 
register (PLOMD) by each bit. The bp3 of the port 1 output mode register (P1OMD) is set to “1” to output the 
special function data, and “0” to use as the general port. 


P14 is used as I/O pin of the timer 0 and as output pin of the remote control carrier, as well. The output mode can 
be selected by bp4 of the port 1 output mode register (PIOMD) by each bit. The bp4 of the port 1 output mode 
register (P1IOMD) is set to “1” to output the special function data, and “0” to use as the general port. 


P15 is used as the output pin of the timer 0, as well. The output mode can be selected by bp5 of the port | output 
mode register (P1OMD) by each bit. The bp5 of the port 1 output mode register (P1OMD) is set to “1” to output 
the special function data, and “0” to use as the general port. 


Port 1 
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P16 is used as I/O pin of the timer 2, as well. The output mode can be selected by bp6 of the port 1 output mode 
register (PLOMD) by each bit. The bp6 of the port 1 output mode register (PLOMD) is set to “1” to output the 
special function data, and “0” to use as the general port. 


P17 is used as the output pin of the timer 0, as well. The output mode can be selected by bp7 of the port | output 
mode register (P1OMD) by each bit. The bp7 of the port 1 output mode register (P1OMD) is set to “1” to output 
the special function data, and “0” to use as the general port. 


P13 is used as the output pin of the system clock, as well. The output mode can be selected by bp0 of the clock 
output control register (CLKOUT) by each bit. The bp0 of the clock output control register (CLKOUT) is set to 
“1” to output the special function data, and “0” to use as the general port. 


P12, P14, P16 have the functions of the real time output control and can switch pin output to “0”, “1”, “Hi-imped- 
ance (Hi-z)” at the event generation timing of the falling edge of the external interrupt 0. The real time control is 
the function which can change the output signal without the interposition with synchronized to the interrupt event. 


P12 is used as buzzer output pin, as well. When the bp7 of the oscillation stabilization wait control register 
(DLYCTR) is set to “1” and the bp1, bp0 of the port 1 output mode register (P1OMD) are set to “01”, buzzer out- 
put is enabled. 


P13 is used as inverse buzzer output pin, as well. When the bp7 of the oscillation stabilization wait control regis- 
ter (DLYCTR) is set to “1” and the bp3, bp2 of the port | output mode register (P1OMD) are set to “O01”, inverse 
buzzer output is enabled. 


P15 is used as the output pin of the serial 1 transmission data and UART1 transmission data, as well. When the 
SCISBOS flag of the serial interface 1 mode register 1 (SCIMD1) is “1”, P15 is the serial data output pin. Push- 
pull output or Nch open-drain output can be selected by setting the Port 1 Nch open-drain control register 
(PLODC). 


P16 is used as the input pin of the serial | reception data and UART1 reception data, as well. 


P17 is used as the serial 1 clock I/O pin, as well. When the SCISBTS flag of the serial interface 1 mode register | 
(SCIMD1) is “1”, P17 is the serial clock output pin. Push-pull output or Nch open-drain output can be selected 
by setting the Port 1 Nch open-drain control register (PLODC). 


The I/O of the serial 4 can be selected as P10, P11, or P76, P77 by setting the serial selection register (SCSEL). 
The SC4SL flag of the serial selection register (SCSEL) is set to “0”, P10, P11 are selected, to “1”, P76, P77 are 
selected. 


The I/O of the serial 1 can be selected as P15 to P17, or PA4 to PA6 by setting the serial selection register 
(SCSEL). The SC4SL flag of the serial selection register (SCSEL) is set to “0”, P15 to P17 are selected, to “1”, 
PA4 to PAG are selected. 


P14 is used as LCD segment output pin, as well. The SEG11 pin selection can be done by setting the bp7 flag 
(LC2SL7) flag of the LCD output control register 2 (LCCTR2) to “1”. Port and segment switching can be 
selected by each bit. At segment output, it is forcefully set to input mode and pull-up resistor is disabled. 


P15 is used as LCD segment output pin, as well. The SEG1O pin selection can be done by setting the bp6 flag 
(LC2SL6) flag of the LCD output control register 2 (LCCTR2) to “1”. Port and segment switching can be 
selected by each bit. At segment output, it is forcefully set to input mode and pull-up resistor is disabled. 


P16 is used as LCD segment output pin, as well. The SEG9 pin selection can be done by setting the bp5 flag 
(LC2SLS5) flag of the LCD output control register 2 (LCCTR2) to “1”. Port and segment switching can be 
selected by each bit. At segment output, it is forcefully set to input mode and pull-up resistor is disabled. 


P17 is used as LCD segment output pin, as well. The SEG8 pin selection can be done by setting the bp4 flag 
(LC2SL4) flag of the LCD output control register 2 (LCCTR2) to “1”. Port and segment switching can be 
selected by each bit. At segment output, it is forcefully set to input mode and pull-up resistor is disabled. 
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4.2.2 Registers 
Sea] 


Table:4.2.1 shows registers that control the port 1. 


Table:4.2.1 Port 1 Control Register 












































Registers Address Function 

P10OUT Ox03F 11 Port 1 output register 

P1IN 0x03F21 R Port 1 input register IV-8 
P1DIR 0x03F31 R/W Port 1 direction control register IV-8 
P1PLU 0x03F41 R/W Port 1 pull-up/pull-down resistor control register | IV-9 
P10OMD 0x03F1C R/W Port 1 output mode register IV-10 
P10DC 0x03F1B R/W Port 1 Nch open-drain control register IV-114 
SELUD 0x03F4B R/W Pull-up/pull-down resistor selection register IV-11 
P1CNTO 0x03F3D R/W Port 1 real time output control register 0 IV-12 
CLKOUT 0x03F1F R/W Clock output control register IV-13 
LCCTR2 0x03FC3 R/W LCD output control register IV-14 
SCSEL 0x03F90 R/W Serial I/O pin switching control register IV-15 
R/W:Readable/Writable 


@ Port 1 Output Register (P1OUT:0x03F 11) 


fe 
X X xX xX X xX x xX 


At reset 





Access R/W R/W R/W R/W R/W R/W R/W R/W 


bp Flag Description 


P1OUT7 
P1OUT6 
P1OUT5 
P1OUT4 
P10UT3 
P10UT2 
P10UT1 
P10UTO 


Output data 
0:Output L(VSS level) 
1:Output H(VDD level) 








O-NWHROAON 
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@ Port 1 Input Register (P1IN:0x03F21) 



































bp Flag Description 

7 P1IN7 

6 P1IN6 

2 is fe Input data 

0:Pin is L(VSS level) 

3 PINS | 4:Pin is H(VDD level) 
2 P1IN2 , 

{ P1IN1 

0 P1INO 








@ Port 1 Direction Control Register (P1DIR:0x03F31) 
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Flag P1DIR7 P1DIR6 P1DIR5 P1DIR4 P1DIR3 P1DIR2 P1DIR1 P1DIRO 
At reset x x 0 0 0 0 0 0 
Access R/W R/W R/W R/W R/W R/W R/W R/W 


























bp Flag Description 





O-NWHRAON 


Port 1 





P1DIR7 
P1DIR6 
P1DIR5 
P1DIR4 
P1DIR3 
P1DIR2 
P1DIR1 
P1DIRO 





I/O mode selection 
O:Input mode 
1:Output mode 


@ Port 1 Pull-up/Pull-down Resistor Control Register (P1PLUD:0x03F41) 


P1PLUD7 


P1PLUD6 


P1PLUD5 


P1PLUD4 


P1PLUD3 


P1PLUD2 


P1PLUD1 
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P1PLUDO 





0 


0 


0 


0 


0 


0 


1 


1 





O-NWHRAON 








P1PLUD7 
P1PLUD6 
P1PLUD5 
P1PLUD4 
P1PLUD3 
P1PLUD2 
P1PLUD1 
P1PLUDO 








Description 


Pull-up/pull-down resistor selection 


0:Not added 


1:Added 
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@ Port 1 Output Mode Register (P1OMD:0x03F1C) 


P1OMD7 | P1OMD6 | P1OMD5 | P1OMD4 | P1OMD3 L P1OMD2 | BUZSEL 





0 0 0 0 0 0 0 



























































Description 
I/O port, TM2OB selection 
7 P1OMD7 | 0:1/O port 
1:TM20B 
I/O port, TM2IO selection 
6 P1OMD6 | 0:I/0 port 
1:TM2IO 
I/O port, TMOOB selection 
5 P1OMD5 | 0:I/0 port 
1:TMOOB 
I/O port, TMOIO/RMOUT selection 
4 P1OMD4 | 0:I/0 port 
1:TMOIO/RMOUT 
3 P1OMD3 | P13 1/0 port, TM7IO, NBUZZER selection 
NBUZSE 1X:TM7IO 
2 L 01:NBUZZER 
1 P1OMD2 | P12 1/0 port, TM8IO, BUZZER selection 
1X:TM8IO 
0 BUZSEL_ | 01:BUZZER 
00:1/O port 
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@ Port 1 Nch Open-drain Control Register (S1ODC:0x03F1B) 


P170DC 


P150DC 


P110DC 
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P100DC 





0 


0 


0 


0 
































bp Flag Description 


O-NWHRAON 


@ Pull-up/pull-down Resistor Selection Register (SELUD:0x03F4B) 


P170DC 


P150DC 


P110DC 
P100DC 








Nch open-drain output selection 
0:Push-pull output 
1:Nch open-drain output) 











Flag - - - PADWN P3DWN PODWN P7DWN P1DWN 
At reset - - - 1 1 1 0 0 
Access - - - R/W R/W R/W R/W R/W 



































Port A pull-up/pull-down selection 
0:Pull-up 
1:Pull-down 





Port 3 pull-up/pull-down selection| 
0:Pull-up 
1:Pull-down 





Port 9 pull-up/pull-down selection| 
0:Pull-up 
1:Pull-down 





Port 7 pull-up/pull-down selection| 
0:Pull-up 
1:Pull-down 











Port 1 pull-up/pull-down selection| 
0:Pull-up 
1:Pull-down 


Port 1 
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@ Port 1 Real Time Output Control Register 0 (P1CNT0:0x03F3D) 


P1CNTO5 | P1CNT04 | P1CNTO3 | P1CNTO2 | P1CNTO1 | P1CNTOO 
0 0 0 0 0 0 
































Description 





P16 real time control 

00:1/O port (real time control disabled) 
01:"1” (High) output 

10:0” (Low) output 

11:°Hi-z” output 


P1CNTO5 
P1CNT04 





P14 real time control 

00:1/O port (real time control disabled) 
01:"1” (High) output 

10:0” (Low) output 

11:°Hi-z” output 


P1CNT03 
P1CNT02 





P12 real time control 

00:1/O port (real time control disabled) 
01:"1” (High) output 

10:0” (Low) output 

11:°Hi-z” output 


P1CNT01 
P1CNTOO 
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M@ Clock Output Control Register 0 (P1CNT0:0x03F3D) 


SCHMITT CLKSEL 
0 0 
































Description 





Port 1, Port 3, Port A input level switching 
SCHMITT | 0:VIH=0.8 VDD VIL=0.2 VDD 
1:VIH=0.54 VDD VIL=0.3 VDD 





Clock output capability 
0:general port output capability 
1:No capability 





Clock type selection 
CLKSEL | 0:System clock (fx) 
1:High speed oscillation (fosc)/ Low speed oscillation (fx) 





Clock output permission 
0:No 
1:Oscillation output 
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@ LCD Output Control Register 2 (LCCTR2:X’3FC3’, R/W) 


LC2SL7 


LC2SL6 |LC2SL5 |LC2SL4 |LC2SL3_ | LC2SL2 


LC2SL1 


LC2SLO 





0 


0 0 0 0 0 


0 


0 








LC2SL7 

















Description 


SEG11/P14 selection 
0:P14 
1:SEG11 











LC2SL6 


SEG10/P15 selection 
0:P15 
1:SEG10 





LC2SL5 


SEG9/P16 selection 
0:P16 
1:SEG9 





LC2SL4 


SEG8/P17 selection 
0:P17 
1:SEG8 





LC2SL3 


SEG7/P70 selection 
0:P70 
1:SEG7 





LC2SL2 


SEG6/P71 selection 
0:P71 
1:SEG6 





LC2SL1 


SEG5/P72 selection 
0:P72 
1:SEG5 





Port 1 





LC2SLO 





SEG4/P73 selection 
0:P73 
1:SEG4 





@ Serial Input/output pin switching Control Register (SCSEL:0x03F90) 
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Description 











TEMPSC 
2 
TEMPSC 
{ 


Timer 2 output dividing switch 
00:Timer 2 output 

01:Timer2 output/2 
10:Reserved 

11:Timer 2 output/8 





Serial port 4 I/O pin switch 
0:A (Port A) 
1:B (Port 3) 








Serial port 1 I/O pin switch 
0:A (Port A) 
1:B (Port 1) 











Serial port 0 I/O pin switch 
0:A (Port A) 
1:B (Port 7) 
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4.2.3 Block Diagram 


Nch open-drain control 


Pull-up/pull-down resistor selection 


Pull-up/pull-down resistor control 


1/0 direction control 
P10 








Port output data 





Oo 
» 
— 
o 
lox 
c 
G 


Schmitt trigger input 


Port input data 


IIC4 reception data input 





IIC transmission data output 
SC4AD1 (lI2CSEL) 


Figure:4.2.1 Block Diagram (P10) 








Nch open-drain control 
Reset 

% brid P1DWN 

Rest 4 

bd P1PLUD1 ; | »—“ 

WeK R 


Reset 
/O direction control + Ra EADIE ° po 
[wel ye Yewie 7 7 


P10UT1 ) 
4 


[wbx] ya 





Pull-up/pull-down resistor selection 














Pull-up/pull-down resistor control [-F 












































Port output data 











snq ejeq 




















Schmitt trigger input 





P1IN1 
Port input data <4 

















11C4 clock input 


Figure:4.2.2 Block Diagram (P11) 
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P11 




















































































































‘ Edge event 
External interrupt 0 (IRQO) me Facer holding function 
. , P R id P1iDWN 
Pull-up/pull-down resistor selection 
[wo } (VR Y 
re P1PLUD: 
1 2 
Pull-up/pull-down resistor control | |-+ Ra 
wek R 
Reset 
bon tid R_| P1DIR2 07 00,01,10 
\/O direction control + 'O- —| HH >| 7 
wek Ro L#lx x 
1 1 
9 : 7 1 are 1 fi | Y 
o M 
Port output data ory d jOUTe a “1M OY 
OG WeK va PLX]} pax fb us 
Reset v4 
Buzzer output control t Rg BUZSEL —* 
wek R 
Reset 
Port output control + Rq|PIOMD4 + 
\ ZR 









































Schmitt trigger input 



































Port input data BIINe a | 
~) R 
BUZZER output 
Timer 8 input 
Timer 8 output 
eset 
S| 2 P1CNTO1-9 
a R, 
Output control |s 
a K R 
an 


Pull-up/pull-down resistor selection 


Pull-up/pull-down resistor control 


V/O direction control 


Port output data 


Buzzer output control 


Port output control 


Port input data 





NBUZZER output 
Timer 7 input 
Timer 7 output 


fs 
fosc 


Clock type selection 


Clock output control 





snq eleq 


Ue 
2 
Zz 
Q 
Cc 
1) 
m 
Ee 
L—sixce 


Figure:4.2.3 


Block Diagram (P12) 











P12 








R 


Reset 

Fd P1PLUD3 
[wen] 
DR P1DIRS 








R 


5 qQPiouTs 











\ 
di. 
>)xXCz 









































=} fo 


a} to 

















=} to 


>/XCz 





Reset 


bRq P10OMD3, 





-—__—> |x ce 

















R 


P1IN3 


























Schmitt trigger input 


Chapter 4 
I/O Ports 


P13 
































xcz 




















snq eleq 























Figure:4.2.4 Block Diagram (P13) 
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Edge event 
External interrupt 0(IRQ0) —————————————___ holding 
function 
(™ Reset 
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Figure:4.2.5 Block Diagram (P14) 


* At segment output, port I/O direction control is forcefully set to input mode, pull-up resistor is disabled and seg- 
ment output is executed by the segment output control. 
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Figure:4.2.6 Block Diagram (P15) 


* At segment output, port I/O direction control is forcefully set to input mode, pull-up resistor is disabled and seg- 
ment output is executed by the segment output control. 
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Figure:4.2.7 Block Diagram (P16) 


* At segment output, port I/O direction control is forcefully set to input mode, pull-up resistor is disabled and seg- 
ment output is executed by the segment output control. 
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Figure:4.2.8 Block Diagram (P17) 


* At segment output, port I/O direction control is forcefully set to input mode, pull-up resistor is disabled and seg- 
ment output is executed by the segment output control. 
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4.3 Port2 


4.3.1 Description 





™@ General Port Setup 


P27 is reset pin. When the software is reset, write “O” to the bp7 of the port 2 output register (P2OUT). Also, P27 
is always added pull-up resistor. 


4.3.2 Registers 





Table:4.3.1 shows the registers that control the port 2. 


Table:4.3.1 Port 2 Control Register 





P2OUT 0x03F12 Port 2 output register IV-22 


R/W:Readable/Writable 
M@ Port 2 Output Register (P2OUT:0x03F 12) 
































Description 


Output data 
0:Output L(VSS level) 
1:Output H(VDD level) 


O+H-NWHROAON 
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4.3.3 Block Diagram 
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Figure:4.3.1 Block Diagram (P27) 
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IV - 24 


44 Port3 


4.4.1 Description 





M@ General Port Setup 


To output data to pin, set the control flag of the port 3 direction control register (P3DIR) to “1” and write the value 
of the port 3 output register (P3OUT). 


To read input data of pin, set the control flag of the port 3 direction control register (P3DIR) to “O” and read the 
value of the port 3 input register (P3IN). 


Each bit can be set individually as either an input or output by the port 3 I/O direction control register (P3DIR). 
The control flag of the port 3 direction control register (P3DIR) is set to “1” for output mode, and “O” for input 
mode. 


Each bit can be set individually if pull-up/pull-down resistor is added or not, by the port 3 pull-up/pull-down 
resistor control register (P3PLUD). Set the control flag of the port 3 pull-up/pull-down resistor control register 
(P3PLUD) to “1” to add pull-up resistor. 


Port 3 can be selected to add pull-up resistor or pull-down resistor by bp3 of the pull-up/pull-down resistor selec- 
tion register (SELUD). 


For P32 and P33, each bit can be selected individually as Nch open-drain output by the port 3 Nch open-drain 
control register (P3O0DC). The control flag of the port 3 Nch open-drain control register (P3ODC) is set to “1” for 
Nch open-drain output, and “0” for push-pull output. 


M Special Function Setup 
P31 is used as the serial 3 reception data input pin and IIC3 reception data input pin, as well. 


P32 is used as the serial 3 clock I/O pin, as well. When SC3SBTS flag of the serial interface 3 mode register | 
(SC3MD1) is “1”, P32 is the serial clock output pin. Push-pull output or Nch open-drain output can be selected 
by setting the Port 3 Nch open-drain control register (P3O0DC). 


P33 is used as the output pin of the serial 3 transmission data and IIC3 transmission data, as well. When 
SC3SBTS flag of the serial interface 3 mode register 1 (SC3MD1) is “1”, P32 is the serial data output pin. Push- 
pull output or Nch open-drain output can be selected by setting the Port 3 Nch open-drain control register 
(P3ODC). 


P30 is used as the LCD common output pin COMO, as well. The COMO pin selection can be done by setting the 
bit 0 flag (COMSLO) flag of the LCD output control register 1 (LCCTR1) to “1”. At common output, it is force- 
fully set to input mode and pull-up resistor is disabled. 


P31 is used as the LCD common output pin COM1, as well. The COMI pin selection can be done by setting the 
bit 1 flag (COMSL1) flag of the LCD output control register 1 (LCCTR1) to “1”. At common output, it is force- 
fully set to input mode and pull-up resistor is disabled. 


P32 is used as the LCD common output pin COM2, as well. The COM2 pin selection can be done by setting the 
bit 2 flag (COMSLO) flag of the LCD output control register 1 (LCCTR1) to “1”. At common output, it is force- 
fully set to input mode and pull-up resistor is disabled. 


P33 is used as the LCD common output pin COM3, as well. The COM3 pin selection can be done by setting the 
bit 3 flag (COMSLO) flag of the LCD output control register 1 (LCCTR1) to “1”. At common output, it is force- 
fully set to input mode and pull-up resistor is disabled. 
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P34 is used as voltage pin of the LCD driver circuit and VLC3, as well. The VLC3 pin selection can be done by 
setting the bit 2 flag (VLC3SL) of the LCD output control register 3 (LCCTR3) to “1”. 


P35 is used as voltage pin of the LCD driver circuit and VLC3, as well. The VLC2 pin selection can be done by 
setting the bit 1 flag (VLC2SL) of the LCD output control register 3 (LCCTR3) to “1”. 


P36 is used as voltage pin of the LCD driver circuit and VLC1, as well. The VLC1 pin selection can be done by 
setting the bit 0 flag (VLCI1SL) of the LCD output control register 3 (LCCTR3) to “1”. 
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4.4.2 


Registers 


Table:4.4.1 shows the registers that control the port 3. 


Table:4.4.1 Port 3 Control Register 


Registers Address Function Page 


P3IN 


0x03F23 


Port 3 input register 


/W 
P30UT 0x03F13 R/W Port 3 output register IV-26 
R 





P3DIR 


0x03F33 


R/W 


Port 3 direction control register 





P3PLUD 


0x03F43 


R/W 


Port 3 pull-up/pull-down control register 





SELUD 


0x03F4B 


R/W 


Pull-up/pull-down resistor selection register 





P30DC 


0x03F3B 


R/W 


Port 3 Nch open-drain control register 





LCCTR1 


0x03FC2 


R/W 


LCD output control register 1 





LCCTR3 


0x03FC4 





R/W:Readable/Writable 
@ Port 3 Output Register (P3OUT:0x03F 13) 





R/W 





LCD output control register 3 


P30UT7 


P30UT6 


P30UT5 


P30UT4 


P30UT3 


P30UT2 








P30UT1 


P30UTO 





X 


xX 


Xx 


X 


xX 


x 


xX 


X 





























bp Description 


Output data 
0:Output L(VSS level) 
1:Output H(VDD level) 


O+Ht-NWHROAON 
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@ Port 3 Input Register (P3IN:0x03F23) 



































bp Flag Description 


O-NWHROAON 


P3IN7 
P3IN6 
P3IN5 
P3IN4 
P3IN3 
P3IN2 
P3IN1 





P3INO 


Input data 
0:Pin is L(VSS level) 
1:Pin is H(VDD level) 





@ Port 3 Direction Control Register (P3DIR:0x03F33) 











Flag P3DIR7 P3DIR6 P3DIR5 P3DIR4 P3DIR3 P3DIR2 P3DIR1 P3DIRO 
At reset 0 0 0 0 0 0 0 0 
Access R/W R/W R/W R/W R/W R/W R/W R/W 


























bp Flag Description 





O-NWHRAON 





P3DIR7 
P3DIR6 
P3DIR5 
P3DIR4 
P3DIR3 
P3DIR2 
P3DIR1 
P3DIRO 





I/O mode selection 
O:Input mode 
1:Output mode 


Port 3 
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@ Port 3 Pull-up Resistor Control Register (P83PLU:0x03F43) 


P3PLUD7 


P3PLUD6 


P3PLUD5 


P3PLUD4 


P3PLUD3 


P3PLUD2 


P3PLUD1 


P3PLUDO 





1 


0 


0 


0 


0 


0 


0 


0 





O-NWHRAON 
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Port 3 








P3PLUD7 
P3PLUD6 
P3PLUD5 
P3PLUD4 
P3PLUD3 
P3PLUD2 
P3PLUD1 
P3PLUDO 








Description 


Pull-up/pull-down resistor selection 


0:Not added 


1:Added 
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@ Pull-up/pull-down Resistor Selection Register (SELUD:0x03F4B) 









































Port A Pull-up/pull-down selection 
0:Pull-up 
1:Pull-downd 





Port 3 Pull-up/pull-down selection 
0:Pull-up 
1:Pull-downd 





Port 9 Pull-up/pull-down selection 
0:Pull-up 
1:Pull-downd 





Port 7 Pull-up/pull-down selection 
0:Pull-up 
1:Pull-downd 





Port 1 Pull-up/pull-down selection 
0:Pull-up 
1:Pull-downd 
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@ Port 3 Nch Open-drain Control Register (P3ODC:0x03F3B) 


P330DC 


P320DC 





0 


0 





O-NWHRAON 


IV - 30 


Port 3 








P330DC 
P320DC 














Description 


Nch open-drain output selection 
0:Push/pull output 
1:Nch open drain output 
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@ LCD output Control Register (LCCTR1:X’3FC2’, R/W) 


LC1SL3 | LC1SL2 |LC1SL1 LC1SLO | COMSL3 | COMSL2 | COMSL1 | COMSLO 
0 0 0 0 0 0 0 0 



































Description 


SEG3/P74 
7 LC1SL3 | 0:P74 
1:SEG3 


SEG2/P75 
6 LC1SL2 | 0:P75 
1:SEG2 


SEG1/P76 
5 LC1SL1 0:P74 
1:SEG1 


SEGO0/P77 
4 LC1SLO | 0:P77 
1:SEG3 


COM3/P33 
3 COMSL3 | 0:P33 
1:COM3 


COM2/P32 
2 COMSL2 | 0:P32 
1:COM2 


COM1/P31 
1 COMSL1_ | 0:P31 
1:COM1 


COM0/P30 
0 COMSLO | 0:P30 
1:COMO 
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IV - 32 


@ LCD Output Control Register 3 (LCCTR3:X’3FC4’, R/W) 


LC3SL2 


LC3SL1 


LC3SLO 





0 


0 


0 























Description 











LC3SL2 


VLC3/P34 
0:P34 
1:VLC3 





LC3SL1 


VLC2/P35 
0:P35 
1:VLC2 
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LC3SLO 





VLC1/P36 
0:P36 
1:VLC1 
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4.4.3 Block Diagram 
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Figure:4.4.1 Block Diagram (P30) 


* At common output, port I/O direction control is forcefully set to input mode, pull-up resistor is disabled and 
common output is executed by the common output control. 
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Figure:4.4.2 Block Diagram (P31) 


* At common output, port I/O direction control is forcefully set to input mode, pull-up resistor is disabled and 
common output is executed by the common output control. 
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Figure:4.4.3 Block Diagram (P32) 


* At common output, port I/O direction control is forcefully set to input mode, pull-up resistor is disabled and 


common output is executed by the common output control. 
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Figure:4.4.4 Block Diagram (P33) 


* At common output, port I/O direction control is forcefully set to input mode, pull-up resistor is disabled and 
common output is executed by the common output control. 
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Figure:4.4.6 Block Diagram (P35) 
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Figure:4.4.8 Block Diagram (P37) 


Schmitt trigger input S 
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4.5 Port5 


4.5.1 Description 





™@ General Port Setup 


To output data to pin, set the control flag of the port 5 direction control register (PSDIR) to “1” and write the value 
of the port 5 output register (PSOUT). 


To read input data of pin, set the control flag of the port 5 direction control register (PSDIR) to “O” and read the 
value of the port 5 input register (PSIN). 


Each bit can be set individually as either an input or output by the port 5 I/O direction control register (PSDIR). 
The control flag of the port 5 direction control register (PSDIR) is set to “1” for output mode, and “O” for input 
mode. 


Each bit can be set individually if pull-up resistor is added or not, by the port 5 pull-up resistor control register 
(PS5PLU). Set the control flag of the port 5 pull-up resistor control register (PSPLU) to “1” to add pull-up resistor. 


Each bit can be selected individually as output mode by the port 5 output mode regiser (PSOMD). The port 5 out- 
put mode register (PSOMD) is set to “1” to output the special function data, and “O” for the general port. 


HM Special Function Pin Setup 


P50 is uses as output pin of the timer 0. The output mode can be selected by each bit by bp0 of the port 5 output 
mode register (PSOMD). The port 5 output mode register (PSOMD) is set to “1” to output the special function 
data, and “0” for general port. 


P51 is uses as output pin of the timer 7. The output mode can be selected by each bit by bp! of the port 5 output 
mode register (PSOMD). The port 5 output mode register (PSOMD) is set to “1” to output the special function 
data, and “0” for general port. 


P52 is uses as output pin of the timer 2. The output mode can be selected by each bit by bp2 of the port 5 output 
mode register (PSOMD). The port 5 output mode register (PSOMD) is set to “1” to output the special function 
data, and “0” for general port. 


P53 is uses as output pin of the timer 8. The output mode can be selected by each bit by bp3 of the port 5 output 
mode register (PSOMD). The port 5 output mode register (PSOMD) is set to “1” to output the special function 
data, and “0” for general port. 


P54 is used as the external interrupt pin, as well. 
P55 is used as the external interrupt pin, as well. 
P56 is used as the external interrupt pin, as well. 


P54 is used as input pin of the AC zero-cross 0, as well. To read out the data of AC zero-cross, set the bp3 of the 
noise filter control register (NFCTR) to “1”, and read out the value of port 5 input register (P5IN). 


P55 is used as input pin of the AC zero-cross 1, as well. To read out the data of AC zero-cross, set the bp7 of the 
noise filter control register (NFCTR) to “1”, and read out the value of port 5 input register (P5IN). 


P50 is used as output pin of LEDO, as well. Each bit can be selected as output mode by bp4 of the port 5 output 
mode register (PSOMD). The port 5 output mode register (PSOMD) is set to “1” for output pin of large current 
(Nch-Tr.), and “0” to use as output pin of general current. The timer 0 output or the general port output can be set 
to large current with the combination of bp0 of the port 5 output mode register (PSOMD). 
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P51 is used as output pin of LED1, as well. Each bit can be selected as output mode by bp5 of the port 5 output 
mode register (PSOMD). The port 5 output mode register (PSOMD) is set to “1” for output pin of large current 
(Nch-Tr.), and “0” to use as output pin of general current. The timer 0 output or the general port output can be set 
to large current with the combination of bp! of the port 5 output mode register (PSOMD). 


P52 is used as output pin of LED2, as well. Each bit can be selected as output mode by bp6 of the port 5 output 
mode register (PSOMD). The port 5 output mode register (PSOMD) is set to “1” for output pin of large current 
(Nch-Tr.), and “0” to use as output pin of general current. The timer 0 output or the general port output can be set 
to large current with the combination of bp2 of the port 5 output mode register (PSOMD). 


P53 is used as output pin of LED3, as well. Each bit can be selected as output mode by bp7 of the port 5 output 
mode register (PSOMD). The port 5 output mode register (PSOMD) is set to “1” for output pin of large current 
(Nch-Tr.), and “0” to use as output pin of general current. The timer 0 output or the general port output can be set 
to large current with the combination of bp3 of the port 5 output mode register (PSOMD). 
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4.5.2 Registers 


Table:4.5.1 shows the registers that control the port 5. 


Table:4.5.1 Port 5 Control Register 


























P50UT 0x03F15 Port 5 output register IV-41 

P5IN Ox03F25 Port 5 input register IV-42 

P5DIR 0x03F35 R/W Port 5 direction control register IV-42 

P5PLU 0x03F45 R/W Port 5 pull-up resistor control register IV-43 

P50MD 0x03F2C R/W Port 5 output mode register IV-44 
R/W:Readable/Writable 


@ Port 5 output register (PSOUT:0x03F 15) 


a A CC 
ea [= [ree [| PSOUTE [repo [recie | PSOUTT_ PESTO 


At reset 


Access R/W R/W R/W R/W R/W R/W R/W 





bp Flag Description 


P5OUT6 
P50OUTS 
P50QUT4 
P5OUT3 
P50UT2 
P50UT1 
P5OUTO 


Output data 
0:Output L(VSS level) 
1:Output H(VDD level) 


O-H-NWHROON 











Port 5 IV - 41 


Chapter 4 
/O Ports 


@ Port 5 Input Register (P5IN:0x03F25) 



































bp Flag Description 
"7 : 
6 P5IN6 
5 P5IN5 
Input data 
4 P5IN4 0:Pin is L(VSS level) 
3 PSIN3 1:Pin is H(VDD level)s 
2 P5IN2 
{ P5IN1 
0 P5INO 








@ Port 5 Direction Control Register (P5DIR:0x03F35) 





IV - 42 








Flag - P5DIR6 P5DIR5 P5DIR4 P5DIR3 P5DIR2 P5DIR1 P5DIRO 
At reset - 0 0 0 0 0 0 0 
Access - R/W R/W R/W R/W R/W R/W R/W 


























bp Flag Description 


O-NWHRAON 


Port 5 





P5DIR6 
P5DIR5 
P5DIR4 
P5DIR3 
P5DIR2 
P5DIR1 
P5DIRO 





I/O mode selection 
O:Input mode 
1:Output mode 
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@ Port 5 Pull-up Resistor Control Register (PSPLU:0x03F45) 


P5PLU6 |P5PLU5 |PS5PLU4 |P5PLU3 | P5PLU2 | P5SPLU1 P5PLU0 
0 0 0 0 0 0 0 



































Description 
7 2 
6 P5PLU6 
2 Peete Pull-up/pull-down resistor selection 
4 P5PLU4 ; 
0:Not added 
3 P5PLU3 1*Added 
2 P5PLU2 , 
1 P5PLU1 
0 P5PLU0 
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@ Port 5 Output Mode Register (PSOMD:0x03F2C) 


P5LED3 | PSLED2 | P5LED1 P5LEDO | P5OMD3 | PS5OMD2 | P5OMD1 | PSOMDO 
0 0 0 0 0 0 0 0 
































Description 


I/O port, LED3 selection 
P5LED3 | 0:I/0 port 
1:LED3 (large current output) 





I/O port, LED2 selection 
P5LED2 = | 0:1/0 port 
1:LED2 (large current output) 





I/O port, LED1 selection 
P5LED1_ | 0:1I/0 port 
1:LED1 (large current output) 





I/O port, LEDO selection 
P5LEDO | 0:I/0 port 
1:LEDO (large current output) 





I/O port, TM8O selection 
P50MD3 | 0:1/0 port 
1:TM80 


I/O port, TM2O selection 
P50MD2 | 0:1/0 port 
1:TM2O0 


I/O port, TM7O selection 
P50MD1 | 0:1/0 port 
1:TM70 


I/O port, TMOO selection 
P5OMD0 | 0:1/0 port 
1:TM0O 
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4.5.3 Block Diagram 











R_| PSPLUO Ne | 





Pull-up resistor control} -~—D 











n,| PSDIRO 


0 direction control) [+ ; , 
Wok \R 4 


UT0 9 





























-[<xc= 
v 


























Port output data 








snq eleq 
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Port output control} }+-~—D'"'G: 


LED output control] }-+—D"'G: eae 
WEK \R 



































Schmitt trigger input 











Port Input Data} ~/_——~< 








Timer 0 output 


Figure:4.5.1 Block Diagram (P50) 
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Pull-up resistor control 
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\/O direction control 
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Port output data 


sng ejeq 


é 
i9) 
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e—>|xc= 











Reset 





P5OMD1 L 

R y CT] 
P5LED1 
R 











Ee 
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Port output control 




















Re: 








Be) 


S77 








LED output control 





Schmitt trigger input 





P5IN1 











Port input data 








2/\ 





Timer 7 output 


Figure:4.5.2 Block Diagram (P51) 
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Reset 


o 






















































































































































































































































































3 LU2 
Pull-up resistor control} ++ Ra i ie [> lias 
wek \ 7R 
ree) DIR2 g 
I/O direction control} |-+ Ra te o Hh * we 
Wek \ 7R an x ) 
g n | aw P52 
a T2 ke, 
Port output data 5 ? Q oe 2 M 
a Wek \ 7R raLx 
he P50MD2, | 
Port output control + Ra 2 ™ L 
Wek R 
— P5LED2 2 
LED output control 4 Rg 2 
Wek \ ZR 
Schmitt trigger input 
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Figure:4.5.3 Block Diagram (P52) 
™ Reset Bani 
Pull-up resistor control t Ra oe [>e | Le 
Wek R 
po P5DIR 
V/O direction control} |-4 Ra las a vt tH _ 
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o P50UT3 bt 
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a Wek R Paix 
ne PSOMDS | 2 
Port output control] = |-+ Ra Es 
WK \ /R ) 
eae P5LED: z 
LED output control} [-+ Rd 2 2 
Wek \ /R 
Bein Schmitt trigger input 
Port input data <q uk TF 
WwW) R 





Timer 8 output 
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Figure:4.5.4 Block Diagram (P53) 
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I/O Ports 
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Pull-up resistor control + A [>° | be 
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I/O direction control + Ra Sle * = x 
Wek VR 
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NFCTR register bp3 
External interrupt 0 input 
AC zero-cross 0 input 
Figure:4.5.5 Block Diagram (P54) 
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NFCTR register bp7 
External interrupt 1 input 
AC zero-cross 1 input 











Figure:4.5.6 Block Diagram (P55) 
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Pull-up resistor control 


/O direction control 


Port output data 


snq ejeq 


Port input data 





External interrupt 2 input 
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Reset 



















































































A] PSPLU6 
DQ f>e 
Wek R 
Reset 
DR PSDIRE a 
wek | \/R |} 
5 qPsouTe hae 
Wek R 
AAI Schmitt trigger input 
: a 
Figure:4.5.7 Block Diagram (P56) 
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4.6.1 Description 





M@ General Port Setup 


To output data to pin, set the control flag of the port 7 direction control register (P7DIR) to “1” and write data to 
the port 7 output register (P7OUT). 


To read input data of pin, set the control flag of the port 7 direction control register (P7DIR) to “0” and read the 
value of the port 7 input register (P7IN). 


Each bit can be set individually to either an input or output by the port 7 direction control register (P7DIR). The 
control flag of the port 7 direction control register (P7DIR) is set to “1” for ouput mode, and “0” for input mode. 


Each bit can be set individually if pull-up/pull-down resistor is added or not, by the port 7 pull-up/pull-down 
resistor control register (P7PLUD). Set the control flag of the port 7 pull-up/pull-down resistor control register 
(P7PLUD) to “1” to add pull-up resistor. 


Port 7 can be selected to add pull-up resistor or pull-down resistor by bp1 of the pull-up/pull-down resistor selec- 
tion register (SELUD). 


Each bit can be selected individually as output mode by the port 7 output mode register (P7OMD). The control 
flag of the port 7 output mode register (P7OMD) is set to “1” to output the special function data, and “0” to use 
as the general port. 


For P75, P76 and P77, each bit can be selected individually as Nch open-drain output by the port 7 Nch open- 
drain control register (P7ODC). The control flag of the port 7 Nch open-drain control register (P7ODC) is set to 
“1” for Nch open-drain output, and “0” for push-pull output. 


HM Special Function Pin Setup 


P70 can be used as the timer 1| I/O pin, as well. Each bit can be selected individually as output mode by the bp0 of 
the port 7 output mode register (P7OMD). When the bp0 of the port 7 output mode register (P7OMD) is set to 
“1” for the special function data output, and “0” to use as the general port. 


P71 can be used as the timer 3 I/O pin, as well. Each bit can be selected individually as output mode by the bp! of 
the port 7 output mode register (P7OMD). When the bp! of the port 7 output mode register (P7OMD) is set to 
“1” for the special function data output, and “0” to use as the general port. 


P75 can be used as output pin of the serial 0 transmission data and UARTO transmission data, as well. When 
SCOSBOS flag of the serial interface 0 mode register 1 (SCOMD1) is set to “1”, P75 is the serial data output pin. 
Push-pull output or Nch open-drain output can be selected by setting the port 7 Nch open-drain control register 
(P7ODC). 


P76 can be used as input pin of the serial 0 reception data and UARTO reception data, as well. 


P77 can be used as the serial 0 clock input pin, as well. When the SCOSBTS flag of the serial interface 0 mode 
register | (SCOMD1) is set to “1”, P77 is the serial clock output pin. Push-pull output or Nch open-drain output 
can be selected by setting the port 7 Nch open-drain control register (P7ODC). 


P70 can be used as the key interrupt input pin, as well. 
P71 can be used as the key interrupt input pin, as well. 


P72 can be used as the key interrupt input pin, as well. 
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P73 can be used as the key interrupt input pin, as well. 
P74 can be used as the key interrupt input pin, as well. 
P75 can be used as the key interrupt input pin, as well. 
P76 can be used as the key interrupt input pin, as well. 
P77 can be used as the key interrupt input pin, as well. 


P70 can be used as the LCD segment output pin, as well. The SEG7 pin selection can be done by setting the bp3 
flag (LC2SL3) of the LCD output control register 2 (LCCTR2) to “1”. Port/segment switching can be selected by 
2 bits. At segment output, it is forcefully set to input mode and pull-up resistor is disabled. 


P71 can be used as the LCD segment output pin, as well. The SEG6 pin selection can be done by setting the bp2 
flag (LC2SL2) of the LCD output control register 2 (LCCTR2) to “1”. Port/segment switching can be selected by 
2 bits. At segment output, it is forcefully set to input mode and pull-up resistor is disabled. 


P72 can be used as the LCD segment output pin, as well. The SEGS pin selection can be done by setting the bp1 
flag (LC2SL1) of the LCD output control register 2 (LCCTR2) to “1”. Port/segment switching can be selected by 
2 bits. At segment output, it is forcefully set to input mode and pull-up resistor is disabled. 


P73 can be used as the LCD segment output pin, as well. The SEG4 pin selection can be done by setting the bpO 
flag (LC2SLO0) of the LCD output control register 2 (LCCTR2) to “1”. Port/segment switching can be selected by 
2 bits. At segment output, it is forcefully set to input mode and pull-up resistor is disabled. 


P74 can be used as the LCD segment output pin, as well. The SEG3 pin selection can be done by setting the bp7 
flag (LC1SL3) of the LCD output control register 2 (LCCTR2) to “1”. Port/segment switching can be selected by 
2 bits. At segment output, it is forcefully set to input mode and pull-up resistor is disabled. 


P75 can be used as the LCD segment output pin, as well. The SEG2 pin selection can be done by setting the bp6 
flag (LC1SL2) of the LCD output control register 2 (LCCTR2) to “1”. Port/segment switching can be selected by 
2 bits. At segment output, it is forcefully set to input mode and pull-up resistor is disabled. 


P76 can be used as the LCD segment output pin, as well. The SEG1 pin selection can be done by setting the bp5 
flag (LC1SL1) of the LCD output control register 2 (LCCTR2) to “1”. Port/segment switching can be selected by 
2 bits. At segment output, it is forcefully set to input mode and pull-up resistor is disabled. 


P77 can be used as the LCD segment output pin, as well. The SEGO pin selection can be done by setting the bp4 
flag (LC1SLO) of the LCD output control register 2 (LCCTR2) to “1”. Port/segment switching can be selected by 
2 bits. At segment output, it is forcefully set to input mode and pull-up resistor is disabled. 


P76 can be used as the IIC4 transmission/reception data I/O pin, as well. When SELI2C flag of the serial inter- 
face 4 addressing register | is set to “1”, P76 is the serial data I/O pin. Push-pull output or Nch open-drain output 
can be selected by setting the port 7 Nch open-drain control register (P7ODC). 


P77 can be used as the serial 4 clock I/O pin, as well. When SELI2C flag of the serial interface 4 addressing reg- 
ister | (SC4AD1) is set to “1”, P77 is the serial clock I/O pin. Push-pull output or Nch open-drain output can be 
selected by setting the port 7 Nch open-drain control register (P7ODC). 


Serial 0 I/O pin can be selected as PAO to PA2, or P75 to P77 by setting the serial selection register (SCSEL). 
When the SCOSL flag of the serial selection register (SCSEL) is set to “0”, PAO to PA2 are selected, to “1”, P75 to 
P77 are selected. For serial 4 I/O pin, when the serial selection register (SCSEL) is “0” for P10, P11, “1” for P76, 
P77. 
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4.6.2 Registers 


Table:4.6.1 shows the registers that control the port 7. 
Table:4.6.1 Port 7 Control Register 


Registers Address Function 

P7OUT 0x03F17 Port 7output register 

P7IN 0x03F27 Port 7 input register 

P7DIR 0x03F37 Port 7 direction control register 








P7PLUD 0x03F47 Port 7 pull-up/pull-down resistor control register 





P7OMD 0x03F3C Port 7 output mode register 





P7ODC 0x03F1D Port 7 Nch open-drain control register 





SELUD 0x03F4B Pull-up/pull-down resistor control register 
SCSEL 0x03F90 Serial I/O pin switching control register 
LCCTR1 0x03FC2 LCD output control register 1 

LCCTR2 0x03FC3 LCD output control register 2 


























R/W:Readable/Writable 
@ Port 7 output register (P7OUT:0x03F 17) 


LO lee ds Se 


Flag P7OUT7 |P7OUT6 |P7OUT5 |P7OUT4 | P7OUT3 | P7OUT2 | P7OUT1 | P7OUTO 





At reset x 


X xX xX X xX xX X 
am 


bp Flag Description 


P7OUT7 
P7OUT6 
P7OUT5 
P7OUT4 
P7OUT3 
P7OQUT2 
P7OUT1 
P7OUTO 


Output data 
0:Output L(VSS level) 
1:Output H(VDD level) 








O-H-NWHROAON 
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@ Port 7 Input Register (P7IN:0x03F27) 



































bp Flag Description 

7 P7IN7 

6 P7IN6 

5 P7IN5 

Input data 

4 P7IN4 0:Pin is L(VSS level) 
3 P7INS | 4:Pin is H(VDD level) 
2 P7IN2 

1 P7IN1 

0 P7INO 








@ Port 7 Direction Control Register (P7DIR:0x03F37) 





IV - 52 








Flag P7DIR7 P7DIR6 P7DIR5 P7DIR4 P7DIR3 P7DIR2 P7DIR1 P7DIRO 
At reset 0 0 0 0 0 0 0 0 
Access R/W R/W R/W R/W R/W R/W R/W R/W 


























bp Flag Description 
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Port 7 





P7DIR7 
P7DIR6 
P7DIR5 
P7DIR4 
P7DIR3 
P7DIR2 
P7DIR1 
P7DIRO 





I/O mode selection 
O:Input mode 
1:Output mode 


@ Port 7 Pull-up/pull-down Resistor Control Register (P7PLUD:0x03F47) 


P7PLUD7 


P7PLUD6 


P7PLUD5 


P7PLUD4 


P7PLUD3 


P7PLUD2 


P7PLUD1 
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P7PLUDO 





0 


0 


0 


0 


0 


0 


0 


0 
































bp Flag Description 


O-NWHRAON 


P7PLUD7 
P7PLUD6 
P7PLUD5 
P7PLUD4 
P7PLUD3 
P7PLUD2 
P7PLUD1 
P7PLUDO 





1:Added 





Pull-up/pull-down resistor selection 
0:Not added 


@ Port 7 Output Mode Register (P7OMD:0x03F3C) 














Flag 7 : < 7 : - P7OMD1_ | P7OMDO 
At reset - - - - - - 0 0 
Access - - - - - - R/W R/W 


























I/O port, TM3IO selection 
0:1/0 port 
1:TM3I0 


I/O port, TM11I0 selection 
0:1/0 port 
1:TM11O 


P7OMD1 





P7OMDO 
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@ Port 7 Nch Open-drain Control Register (P70DC:0x03F1D) 


P770DC | P76ODC | P750DC 
0 0 0 



































P7PLUD7 
P7PLUD6 


nee Nch open-drain output selection 


0:Push-pull output 
1:Nch open-drain output 

















Flag - - - PADWN P3DWN PODWN P7DWN P1DWN 
At reset - - - 1 1 1 0 0 
Access - - - R/W R/W R/W R/W R/W 



































Port A pull-up/pull-down selection 
0:Pull-up 
1:Pull-down 





Port 3 pull-up/pull-down selection 
0:Pull-up 
1:Pull-down 





Port 9 pull-up/pull-down selection 
0:Pull-up 
1:Pull-down 





Port 7 pull-up/pull-down selection 
0:Pull-up 
1:Pull-down 





Port 1 pull-up/pull-down selection 
0:Pull-up 
1:Pull-down 
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@ Serial I/O Pin Switching Control Register (SCSEL:0x03F90) 


TMPSC11 





0 








TMPSC1 
2 
TMPSC11 























Description 


Serial 1 used timer 2 output dividing switching selection 
X0:Timer 2 output 

01:Timer 2 output/2 

11:Timer 2 output/8 





TMPSCO 
2 
TMPSCO 
{ 


Serial 0 used timer 2 output dividing switching selection 
X0:Timer 2 output 

01:Timer 2 output/2 

11:Timer 2 output/8 





Serial 4 I/O pin switching selection 
0:P10, P11 
1:P76, P77 








Serial 1 I/O pin switching selection 
0:P15 to P17 
1:PA4 to PA6 














Serial 0 I/O pin switching selection 
0:PA0 to PA2 
1:P75 to P77 
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m@ LCD Output Control Register 1 (LCCTR1:X’3FC2’, R/W) 


LC1SL3 


LC1SL2 | LC1SL1 


LC1SLO 


COMSL3 


COMSL2 


COMSL1 


COMSLO 





0 


0 0 


0 


0 


0 


0 


0 








LC1SL3 








Description 


SEG3/P74 selection 
0:P74 
1:SEG3 




















LC1SL2 


SEG2/P75 selection 
0:P75 
1:SEG2 





LC1SL1 


SEG1/P76 selection 
0:P76 
1:SEG1 





LC1SLO 


SEGO0/P77 selection 
0:P77 
1:SEGO 





COMSL3 


COMS3/P33 selection 
0:P33 
1:COM3 





COMSL2 


COM2/P32 selection 
0:P32 
1:COM2 





COMSL1 


COM1/P31 selection 
0:P31 
1:COM1 
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COMSLO 





COMO/P30 selection 
0:P30 
1:COMO 
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@ LCD Output Control Register 2 (LCCTR2:X’3FC3’, R/W) 


LC2SL7 | LC2SL6 |LC2SL5 |LC2SL4 |LC2SL3 |LC2SL2 | LC2SL1 LC2SLO 
0 0 0 0 0 0 0 0 
































Description 


SEG11/P14 selection 
LC2SL7 0:P14 
1:SEG11 


SEG10/P15 selection 
LC2SL6 0:P15 
1:SEG10 


SEG9/P16 selection 
LC2SL5 0:P16 
1:SEG9 


SEG8/P17 selection 
LC2SL4 0:P17 
1:SEG8 


SEG7/P70 selection 
LC2SL3 0:P70 
1:SEG7 


SEG6/P71 selection 
LC2SL2 0:P71 
1:SEG6 


SEG5/P72 selection 
LC2SL1 0:P72 
1:SEG5 


SEG4/P73 selection 
LC2SLO 0:P73 
1:SEG4 
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4.6.3 Block Diagram 





™ Reset 
R-| P7DWN 
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I/O direction control It Ra 
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Port output control} [+ ) >—_ Pe 
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Schmitt trigger input 


Port input data LT 
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Key interrupt input 
Timer 1 input 
Timer 1 output 





























Reset 
pa 








LC2SL3 








LCD output control 
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Figure:4.6.1 Block Diagram (P70) 


* At segment output, port I/O direction control is forcefully set to input mode, pull-up resistor is disabled and 
segment output is executed by the segment output control. 
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™ Reset 
R-|P7DWN 
Pull-up/pull-down resistor selection [Tt Q 
wer] VAR y 
Reset 
P ‘con 
Pull-up/pull-down resistor control + Ra 7PLUD1 2 u < » 
Wek R eax 
Reset P7DIR ;-——t 
/O direction control + Ra us u -| 7 ry | 
[wee] Yr cal = 
8 ewe tp en 
2 iN 
Port output data sty Q 7OUT1 2 M 
oa Wek R rrLx 
Reset 5 ‘4 
Port output control IF Ra LOMB } IC 
Wek R | 
vam 
Schmitt trigger input 
‘ P7IN1 Fpl 
Port input data LT 
~ A 
Key interrupt input 
Timer 3 input 
Timer 3 input 














LCD output control 
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Figure:4.6.2 Block Diagram (P71) 


* At segment output, port I/O direction control is forcefully set to input mode, pull-up resistor is disabled and 
segment output is executed by the segment output control. 
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Pull-up/pull-down resistor selection 
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Schmitt trigger input 
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Key interrupt input 
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Figure:4.6.3 Block Diagram (P72) 


* At segment output, port I/O direction control is forcefully set to input mode, pull-up resistor is disabled and 
segment output is executed by the segment output control. 


IV - 60 Port 7 




































































































































































P73 



















































































(™ Reset 
R_] P7DWN 
Pull-up/pull-down resistor selection TP a 
WeK R VW 
Reset ¢ 
Pull-up/pull-down resistor control +—pFq E(RLUDS 2 M * } i 
wek_| R prLx 
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/O direction control —p?a i 2 2 th * 
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Reset 
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aq ih! 
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Figure:4.6.4 Block Diagram (P73) 


* At segment output, port I/O direction control is forcefully set to input mode, pull-up resistor is disabled and 
segment output is executed by the segment output control. 
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Figure:4.6.5 Block Diagram (P74) 


* At segment output, port I/O direction control is forcefully set to input mode, pull-up resistor is disabled and 
segment output is executed by the segment output control. 
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(™ Reset 
R_]P7ODC5 
Nch open-drain control lt Q 
Wek _| R VY 
Reset 
R,] P7DWN 
Pull-up/pull-down resistor selection lt Q 
WeK R VW 
Reset 4 
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Port output data sty Q ZOUTS oy M 4 cy 
*| Loe Y 2 
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P7INS Schmitt trigger input 
rb 
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LJ R J 


Key interruptinput 

Serial 0 reception data input 

Serial 0/UARTO transmission data output 
SCOMD1(SCOSBOS) 
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Figure:4.6.6 Block Diagram (P75) 


* At segment output, port I/O direction control is forcefully set to input mode, pull-up resistor is disabled and 
segment output is executed by the segment output control. 
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Figure:4.6.7 Block Diagram (P76) 


* At segment output, port I/O direction control is forcefully set to input mode, pull-up resistor is disabled and 
segment output is executed by the segment output control. 
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Port output data 
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Key interruptinput 
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Figure:4.6.8 Block Diagram (P77) 


* At segment output, port I/O direction control is forcefully set to input mode, pull-up resistor is disabled and 
segment output is executed by the segment output control. 
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4.7 Portg 


4.7.1 Description 





™@ General Port Setup 


To output data to pin, set the control flag of the port 9 direction control register (P9DIR) to “1” and write data to 
the port 9 output register (POOUT). 


To read input data of pin, set the control flag of the port 9 direction control register (PODIR) to “O” and read the 
value of the port 9 input register (P9IN). 


Each bit can be set individually to either an input or output by the port 9 direction control register (PODIR). The 
control flag of the port 9 direction control register (P9DIR) is set to “1” for ouput mode, and “0” for input mode. 


Each bit can be set individually if pull-up/pull-down resistor is added or not, by the port 9 pull-up/pull-down 
resistor control register (P9PLU). Set the control flag of the port 9 pull-up/pull-down resistor control register 
(P9PLU) to “1” to add pull-up resistor. 


Pull-up resistor or pull-down resistor can be added to port 9 by setting the bp2 flag of the pull-up/pull-down resis- 
tor selection resister (SELUD). 


M Special Function Pin Setup 


P90 can be used as low-speed oscillation, as well. When the XISEL flag of the low-speed oscillation selection 
register (XSEL) is set to “1”, P90 can be used as low-speed oscillation. 
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4.7.2 Registers 


Table:4.7.1 shows the registers that control the port 9. 


Table:4.7.1 Port 9 Control Register 


Registers Address Function Page 
P9OUT 0x03F19 Port 9 output register IV-67 


P9IN 0x03F29 Port 9 input register 





P9DIR 0x03F39 Port 9 direction control register 





P9PLUD 0x03F49 Port 9 pull-up/pull-down resistor control register 





SELUD 0x03F4B Pull-up/pull-down resistor selection register 

















XSEL 0Ox03F4C Port 9 oscillation switching register 





R/W:Readable/Writable 
@ Port 9 output register (PQOUT:0x03F 19) 


P9OUTO 


X 
































Output data 
0:Output L(VSS level) 
1:Output H(VDD level) 


O-NWHRAON 


P9OUTO 
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@ Port 9 Input Register (P9IN:0x03F29) 








bp 


O-NWHROAON 






































Input data 
0:Pin is L(VSS level) 
1:Pin is H(VDD level) 








Flag : : : : : - - P9DIRO 
At reset - - - - = 2 a 0 
Access - - - - - - - R/W 


bp 


O-NWHRAON 
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P9DIRO 





























I/O mode selection 
0:Input mode 
1:Output mode 


@ Port 9 Pull-up/pull-down Resistor Control Register (P9PLUD:0x03F49) 
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P9PLUDO 





1 





bp 


O-NWHRAON 




















Pull-up/pull-down resistor selection 
0:Not added 
1:Added 


























Flag - - - PADWN P3DWN PODWN P7DWN P1DWN 
At reset - - - 1 1 1 0 0 
Access - - - R/W R/W R/W R/W R/W 



































Port A pull-up/pull-down selection 
0:Pull-up 
1:Pull-down 





Port 3 pull-up/pull-down selection 
0:Pull-up 
1:Pull-down 





Port 9 pull-up/pull-down selection 
0:Pull-up 
1:Pull-down 





Port 7 pull-up/pull-down selection 
0:Pull-up 
1:Pull-down 











Port 1 pull-up/pull-down selection 
0:Pull-up 
1:Pull-down 
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@ Port 9 Oscillation Switching Register (XSEL:0x03F4C) 



































XI dual-purpose selection 
0:P90 
1:low-speed oscillation input XI 
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4.7.3 Block Diagram 











Y Res 
¢_| PIDWN 
Pull-up/pull-down resistor selection} | ~f Q 
Wok R VY 




















Pull-up/pull-down resistor control] |-+ 
Wok \R 
I/O direction control} |--—D"' * 
wek \R 


Port output data 



























































sng eleq 
E 
i 
ae] 
oO 
[e) 
a |C 
= 
Oo 
‘——* 


Foy P9OIXI 























Schmitt trigger input 















































Port input data <| EN ZY T 
R 
“= XISEL 
Ap camp. 

K R 

WJ see 

Oscillation 
STOP signal circuit 
Clock input x XO 











Figure:4.7.1 Block Diagram (P90) 
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4.8.1 Description 





™@ General Pin Setup 


To output data to pin, set the control flag of the port A direction control register (PADIR) to “1” and write data to 
the port 8 output register (PAOUT). 


To read input data of pin, set the control flag of the port A direction control register (PADIR) to “0” and read the 
value of the port A input register (PAIN). 


Each bit can be set individually to either an input or output by the port A direction control register (PADIR). The 
control flag of the port A direction control register (PADIR) is set to “1” for ouput mode, and “O” for input mode. 


Each bit can be set individually if pull-up/pull-down resistor is added or not, by the port A pull-up/pull-down 
resistor control register (PAPLUD). Set the control flag of the port A pull-up/pull-down resistor control register 
(PAPLUD) to “1” to add pull-up/pull-down resistor. 


The bp4 of the pull-up/pull-down resistor selection register (SELUD) select if pull-up resistor or pull-down resis- 
tor is added. 


Each bit can be selected individually as input mode by the portA input mode register (PAIMD). The control flag 
of the portA input mode register (PAIMD) is set to "1" to input the special function data and | is read out from the 
portA input register (PAIN), and "0" to use as the general port. 


For PAO, PA2, PAS and PA6, each bit can be selected individually as Nch open-drain output by the port A Nch 
open-drain control register (PAODC). When the port A Nch open-drain control register (PAODC) is set to “1” for 
Nch open-drain output and to “O” for push-pull output. 


M Special Function Pin Setup 


PAO is used as ouput pin of the serial 0 transmission data and UARTO transmission data, as well. When the 
SCOSBOS flag of the serial interface 0 mode register 1 (SCOMD1) is set to “1”, PAO is the serial data output pin. 
Push-pull output or Nch open-drain output can be selected by setting the port A Nch open-drain control register 
(PAODC). 


PA1 can be used as input pin of the serial 0 reception data and UARTO reception data, as well. 


PA2 can be used as the serial 0 clock I/O pin, as well. When the SCOSBTS flag of the serial interface 0 mode reg- 
ister | (SCOMD1) is set to “1”, PA2 is the serial clock output pin. Push-pull output or Nch open-drain output can 
be selected by setting the port A Nch open-drain control register (PAODC). 


PA4 can be used as input pin of the serial 1 reception data and UART 1 reception data, as well. 


PAS is used as ouput pin of the serial 1 transmission data and UART 1 transmission data, as well. When the 
SCI1SBOS flag of the serial interface 1 mode register 1 (SC1MD1) is set to “1”, PAS is the serial data output pin. 
Push-pull output or Nch open-drain output can be selected by setting the port A Nch open-drain control register 
(PAODC). 


PA6 can be used as the serial 1 clock I/O pin, as well. When the SCISBOS flag of the serial interface1 mode reg- 
ister 1 (SC1MD1) is set to “1”, PA2 is the serial clock output pin. Push-pull output or Nch open-drain output can 
be selected by setting the port A Nch open-drain control register (PAODC). 
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PAO is used as input pin for analog, as well. Each bit can be set individually as an input by the port A input mode 
register (PAIMD). When it is used as analog input pin, set the port A input mode register to “1”. Then, the value 
of the port A input register is read to be “1”. 


PA1 is used as input pin for analog, as well. Each bit can be set individually as an input by the port A input mode 
register (PAIMD). When it is used as analog input pin, set the port A input mode register to “1”. Then, the value 
of the port A input register is read to be “1”. 


PAZ is used as input pin for analog, as well. Each bit can be set individually as an input by the port A input mode 
register (PAIMD). When it is used as analog input pin, set the port A input mode register to “1”. Then, the value 
of the port A input register is read to be “1”. 


PA3 is used as input pin for analog, as well. Each bit can be set individually as an input by the port A input mode 
register (PAIMD). When it is used as analog input pin, set the port A input mode register to “1”. Then, the value 
of the port A input register is read to be “1”. 


PA4 is used as input pin for analog, as well. Each bit can be set individually as an input by the port A input mode 
register (PAIMD). When it is used as analog input pin, set the port A input mode register to “1”. Then, the value 
of the port A input register is read to be “1”. 


PAS is used as input pin for analog, as well. Each bit can be set individually as an input by the port A input mode 
register (PAIMD). When it is used as analog input pin, set the port A input mode register to “1”. Then, the value 
of the port A input register is read to be “1”. 


PA6 is used as input pin for analog, as well. Each bit can be set individually as an input by the port A input mode 
register (PAIMD). When it is used as analog input pin, set the port A input mode register to “1”. Then, the value 
of the port A input register is read to be “1”. 


Serial 0 I/O pin can be selected to either PAO to PA2 or P75 to P77. When the SCOSL flag of the serial selection 
register (SCSEL) is set to “0”, PAO to PA2 are selected, to “1”, P75 to P77 are selected. For serial 1 I/O pin, either 
P15 to P17 or PA4 to PA6 can be selected by setting the serial selection register (SCSEL). When the SCISL flag 
of the serial selection register (SCSEL) is set to “0” for P15 to P17, to “1” for PA4 to PA6. 
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4.8.2 Registers 
Sa a] 


Table:4.8.1 shows the registers that control the port A. 
Table:4.8.1 Port A Output Control Register 


Registers Address Function Page 
PAOUT Ox03F1A Port A output register IV-74 


PAIN O0x03F2A Port A input register 





PADIR Ox03F3A Port A direction control register 





PAPLUD Ox03F4A Port A pull-up/pull-down resistor control register 





SELUD 0x03F4B Pull-up/pull-down resistor selection register 
PAIMD Ox03F4E Port A input mode register 
PAODC 0x03F2D Port A Nch open-drain control register 























R/W:Readable/Writable 
@ Port A output register (PAOUT:0x03F1A) 
































bp Flag Description 


PAOUT6 
PAOUT5 
PAOUT4 
PAOUT3 
PAOUT2 
PAOUT1 
PAOUTO 


Output data 
0:Output L(VSS level) 
1:Output H(VDD level) 


O-t-NWHRAON 
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@ Port A Input Register (PAIN:0x03F2A) 



































bp Flag Description 
5 2 
6 PAIN6 
5 PAINS 
Input data 
4 PAIN4 0:Pin is L(VSS level) 
3 PAINS | 1:Pin is H(VDD level) 
2 PAIN2 
1 PAIN1 
0 PAINO 








@ Port A Direction Control Register (PADIR:0x03F3A) 











Flag - PADIR6 PADIR5 PADIR4 PADIR3 PADIR2 PADIR1 PADIRO 
At reset - 0 0 0 0 0 0 0 
Access - R/W R/W R/W R/W R/W R/W R/W 


























bp Flag Description 





O-NWHRAON 





PADIR6 
PADIRS 
PADIR4 
PADIR3 
PADIR2 
PADIR1 
PADIRO 





I/O mode selection 
O:Input mode 
1:Output mode 
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@ Port A Pull-up/pull-down Resistor Control Register (PAPLUD:0x03F4A) 


PAPLUD6 


PAPLUDS 


PAPLUD4 


PAPLUD3 


PAPLUD2 


PAPLUD1 


PAPLUDO 





1 


1 


1 


0 


0 


0 0 
































PAPLUD6 
PAPLUD5 
PAPLUD4 
PAPLUD3 
PAPLUD2 
PAPLUD1 
PAPLUDO 


Pull-up/pull-down resistor selection 
0:Not added 
1:Added 


O-NWHRAON 








@ Port A Input Mode Register (PAIMD:0x03F4E) 











Flag - PAIMD6 PAIMD5 PAIMD4 PAIMD3 PAIMD2 PAIMD1 PAIMDO 
At reset - 0 0 0 0 0 0 0 
Access - R/W R/W R/W R/W R/W R/W R/W 





























7 2 

6 PAIMD6 

° ede Analog input selection 
4 PAIMD4 0://0 port 

° ce 1:Analog input 

2 PAIMD2 : 

1 PAIMD1 

0 PAIMDO 
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PAODC6 | PAODC5 PAODC2 
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PAODCO 





0 0 0 


0 
































bp Flag Description 


PAODC6 
PAODC5 


Nch open-drain output selection 
0:Push-pull output 


PAODC2 1:Nch open-drain output 








O-NWHRAON 


PAODCO 


@ Pull-up/pull-down Resistor Selection Register (SELUD:0x03F4B) 











Flag - - - PADWN P3DWN PODWN P7DWN P1DWN 
At reset - - - 1 1 1 0 0 
Access - - - R/W R/W R/W R/W R/W 



































Port A pull-up/pull-down selection 
0:Pull-up 
1:Pull-down 





Port 3 pull-up/pull-down selection 
0:Pull-up 
1:Pull-down 





Port 9 pull-up/pull-down selection 
0:Pull-up 
1:Pull-down 





Port 7 pull-up/pull-down selection 
0:Pull-up 
1:Pull-down 





Port 1 pull-up/pull-down selection 
0:Pull-up 
1:Pull-down 








Port A 
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4.8.3 Block Diagram 
—————_=__—_— eee ae 


Reset 
GR PAODCO 
R 









Nch open-drain control 
K 









Reset 


Rig PADWN 
R 





Pull-up/pull-down resistor selection 
K 


Re; 
Ib? 
K 















et 
PAPLUDO 
R 


Pull-up/pull-down resistor control 





Reset 
DR, PADIRO 
R 


1/O direction control 
K 





PAO 






PAOUTO of; 


R x 


1D 






Port output data 





K 





1 





Input mode control 





Schmitt trigger input 
T 





Port input data 


Analog input 


Serial 0 reception data input 
Serial 0/UARTO transmission data output 
SCOMD1(SCOSBOS) 


Figure:4.8.1 Block Diagram (PAO) 
































































































































™ Rese’ 
R_| PADWN 
Pull-up/pull-down resistor selection tpg 
WEK R V 
Rese -—— 
Pull-up/pull-down resistor control +—bRq PaPeuO * } " 
Wek R 
Rese 
/0 direction control] |-—p"d ale if Bau 
Wek \vR 
5 ne t+ 4X pat 
Port output data] e +—D ples CLI CI 
Laas é 
Ee PAIMD1 
Input mode control pRq ees 
Wek \VR 
Schmitt trigger input 
. , PAIN1 
Port input data <NI + L | | 
~) R 
Analog input 








Serial 0/UARTO reception data input 


Figure:4.8.2 Block Diagram (PA1) 
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Reset 
bRq PAODC2 


R 






Nch open-drain control 
K 









Reset 


bq PADWN 
R 


Pull-up/pull-down resistor selection 
K 








Reset 
DR, PAPLUD2 
R 


Pull-up/pull-down resistor control 
K 












Reset 
bRq PADIR2 
R 


1/O direction control 
K 





PA2 
PAOUT2 o 


R 


Port output data 






1 






Reset 


bRq PAIMD2 
R 


Input mode control 
K 








Schmitt trigger input 
T 





Port input data PAINZ 


Analog input 

Serial 0 clock input 
Serial 0 clock output 
SCOMD1(SCOSBTS) 


Figure:4.8.3 Block Diagram (PA2) 
































































































































(4 Reset 
R_] PADWN 
Pull-up/pull-down resistor selection] [~f—P Q 
WeK R VY 
Reset ————— 
Pull-up/pull-down resistor control} [+ pR PARLODS * ) ie 
Wek R 
Reset 
1/0 direction control + bRd PADIRS + > [ 
K R 
, bey [ei ts 
i) be 
Port output data ory D queen 1 
7) WeK R 
¥ Ce as 
) > 
Reset 
Input mode control RqLPAIMDS aad 
Wek VR 
PAIN Schmitt trigger input 
Port input data <] ss SL | | 
~ R 
Analog input 








Figure:4.8.4 Block Diagram (PA3) 
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t 
4B] PADWN 
WeK R X 4 
Reset 
Pull-up/pull-down resistor control | |-7 pq pees + ) Cc 
Wek \ 7R 





Pull-up/pull-down resistor selection 
















































































] PADIRA 
/O direction control r—pFRQ * = = 
«| Lee! VA eae or 
g [¥ 
Port output data s+ p qrAOuTs Cc 
oD WeK \ -R 














| 











Reset Ss 
Input mode contro! Aq PAIMD4 
WK \ -R 
Schmitt trigger input 


Port input data <] * Z| 
R 


























Analog input 
Serial 1/UART1 reception data input 





Figure:4.8.5 Block Diagram (PA4) 


Reset 


DR PAODCS 
R 






Nch open-drain control 
K 


Reset 
DRL. PADWN 


R 









Pull-up/pull-down resistor selection 
K 


Reset 


bs PAPLUDS5 
R 









Pull-up/pull-down resistor control 
K 





Reset 
bRq PADIRS 
R 


/O direction control 






K 





PAS 






PAOUTS5 o 
R 


Port output data 










1 





Reset 

RJ PAIMDS5| 
iD 
R 


Input mode control 
K 





Schmitt trigger input 
T 






Port input data EAINS 





Analog input 


Serial 1 reception data input 
Serial 1/UART1 transmission data output 
SC1MD1(SC1SBOS) 


Figure:4.8.6 Block Diagram (PA5) 
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Reset 
EDR PAODCS 
K R 


Reset 
DRqPADWN 


K R 





Nch open-drain control 


Pull-up/pull-down resistor selection 


Reset 
bSq PAPLUDS 
K R 


Pull-up/pull-down resistor control 


Reset 

R_] PADIR6 
iD 

K R 


\/O direction control 


snq eleq 


PA6 
PAOUTE o 


R 


Port output data 


Input mode control 


Schmitt trigger input 
Port input data LT 


Analog input 

Serial 1 clock input 
Serial 1 clock output 
SC1MD1(SC1SBTS) 


Figure:4.8.7 Block Diagram (PA6) 
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4.9 Real Time Output Control 





P12, P14, P16 have the real time output function that can switch pin output at the falling edge event of the exter- 
nal interrupt 0 pin (P54/IRQO). 

The real time control is the function that can change the timer output signal (PWM output, timer pulse output, 
remote control career output) synchronized with the external event without the interposition. Switchable output 
values at the event generation are “0”, “1”, “Hi-impedance (Hi-z)”. 


4.9.1 Registers 
———eeEeEeEeEeEeEeEeEee—e—eeeeeEeEe—eEee—EeEeEeEeEeEE————————e 


Table:4.9.1 shows the real time output control registers of port 1. 


Table:4.9.1 Real Time Output Control Registers 




















Register Address R/ Function Page 

W 
Port 1 P1OUT Ox03F 11 R/ Port 1 output register IV-7 

W 

P1DIR 0x03F31 R/ Port 1 direction control register IV-8 
W 

P1PLUD 0x03F41 R/ Port 1 pull-up/pull-down resistor control IV-9 
WwW register 

P10OMD 0x03F39 R/ Pull-up/pull-down resistor IV-9 
W selection register 

P1CNTO 0x03F3D R/ Port 1 real time output control register IV-11 
W 


























4.9.2 Operation 
eS ______________________________ | 


@ Real Time Output Pin Setup 


The real time output pin setup should be done at the port 1 output control register (PICNTO). Selectable pins are 
P12, P14, P16 and each of them can be specified by each bit. The output mode should be selected at the port 1 
direction control register (P1DIR). 

The pin output that is switched at the falling edge event of the external interrupt 0 pin (P54/IRQO) is “0”, “1”, 
“Hi-impedance”. Port is input mode at the hi-impedance. 


The real time control is the function that changes the timer output signal (PWM output, timer pulse output remote 
control career output) synchronized with the external event. It is also available to normal port output. 

When I/O port (real time control disabled) is selected at the port | output control register (PICNTO), if switching 
event is generated, the value is not be changed. Set this mode when it is used as the general port. 


Real Time Output Control 
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m@ Real Time Output Control Operation 


After the setup of the port 1 output control register (P1ICNTO), selected function at the port 1 output mode register 
(PLOMD) is output to the pin until the falling edge is generated at the external interrupt 0 pin (P54/IRQO). 

When the falling edge is generated, pin output is switched to the set value. The falling edge event is taken in the 
edge event hold function that is shown below and the setup value of the port 1 output control register (P1CNTO) 
is held until that information is cleared. 


m@ Real Time Output Release (Clearance of edge event hold function) 


After the event generation, when the write operation is done to the port | output register (P1OUT), the informa- 
tion of the edge event hold function is cleared and all output pins are reset to the output data before the event gen- 
eration. The event is generated again, it is switched to the setup value of the port 1 output control register 
(PICNTO). When the real time control is canceled, set the port 1 output control register (P1CNTO) to I/O port 
(real time control disabled). 


Regardless of the setup at the external interrupt 0 control register (IRQOICR), valid edge of 
IRQO is only the falling edge. 











port 1 output register (P1OUT) in advance and clear the information of the edge event hold 


< When the real time output control function is used, writing operation should be done to the 
* function. 





H Timing of Real Time Output Control 
PICNTO setvalue:’0” (Low) output 


Timer output | | | 
External interrupt 0 : 
(IRQO) : 


P1TCNT 
<a—— Timer output —_ set value 


P1n output 
(n=2,4,6) 


Write operation to 
P10OUT register 


. P1TCNT 
—_ > <i Timer output —'<1—- get value —P 


Figure:4.9.1 Timing of Real Time Output Control 
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V-2 


5.1 Overview 





This LSI contains one general purpose 8-bit timers (Timer 0) and three 8-bit timers combined baud rate timers 
(Timer 1, Timer 2, Timer 3). Timer 0 and timer 1 or timer 2 and timer 3 can be used as 16-bit timer with cascade 
connection. In a cascade connection, timer o and timer 2 form the “timer 0”, or the lower 8 bits of 16-bit counter, 
and timer | and timer 3 form the “timer 1”, or the upper 8 bits. 


8-bit timer contains two prescalers which can use at the same time. Each prescaler counts fosc, fs as the base 
clock. Configurations of hard ware are shown below. 


Prescaler 0 (fosc base) 7 bits Prescaler 

Prescaler 1 (fs base) 3 bits Prescaler 
Prescaler 0 outputs fosc/4, fosc/16, fosc/32, fosc/64, fosc/128. 
Prescaler | outputs fs/2, fs/4, fs/8. 


Fosc or fs can be selected as the clock source for each timer by using the prescaler. 


Overview 
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Table:5.1.1 shows functions that can be used with each timer. 


Table:5.1.1 Timer Functions 





















































Timer 0 Timer 1 Timer 2 Timer 3 
(8-bit) (8-bit) (8-bit) (8-bit) 
Interrupt source TMOIRQ TM1IRQ TM2IRQ TM3IRQ 
Timer operation O O O O 
Event count TMOIO input TM110 input TM2IO input TMSlIO input 
(P14) (P70) (P16) (P71) 
Timer pulse output | TMOIO output TM11I0O output TM2IO output TM3IO output 
(P14) (P70) (P16) (P71) 
PWM output TMOIO output pin - TM2IO output pin - 
(P14) (P16) 
Additional pulse O - O - 
method PWM 
output 
Timer output to TMOOA output pin - TM2OA output pin - 
large current pin (P50! (P52) 
Serial transfer - Serial 0 Serial 0, 2 Serial 2 
clock output 
Pulse width External interruptO | - External interrupt 2 | - 
measurement (P54/IRQO) (P56/IRQ2) 
Cascade O O 
connection 
Clock source fosc fosc fosc fosc 
fosc/4 fosc/4 fosc/4 fosc/4 
fosc/16 fosc/16 fosc/16 fosc/16 
fosc/32 fosc/64 fosc/32 fosc/64 
fosc/64 fosc/128 fosc/64 fosc/128 
fs/2 fs/2 fs/2 fs/2 
fs/4 fs/8 fs/4 fs/8 
fx fx fx fx 
TMOIO input TM110O input TM2IO input TMS3IO input 








fosc:Machine clock (High frequency oscillation) 
fx:Machine clock (Low frequency oscillation) 
fs:System clock [Chapter 2. 2.5 Clock Switching] 
-When timer 3 is used as a baud rate timer for serial function, it cannot be uses as a general timer. 
-Pulse width measurement function is not available at cascade connection (16-bit counter). 
-At cascade connection (16-bit counter), when the clock source is fx and TMnIO input is selected, set the 
synchronous fx and synchronous TMnlO input. 
This function is not available when clock source is fx and TMnlO input is selected at cascade connection. 
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D162 


m Prescaler Block Diagram 


Block Diagram 
_———— eee an] 


7bit prescaler Ss 3bit prescaler 

fosc -Q ck PSCO fs —ck PSC1 
ll 2 M 
lll 4 ans 


TM1BAS 
TM1PSC1 


TM3PSCO 
TM3PSC1 





Overview 


(o*) 
fp 
Po 
x< 


Es) [ey (ees) 
eS 
| ¢ 
Cc 


fs/8 
fs/4 
fs/2 


fosc/128 
fosc/64 
fosc/32 
fosc/16 
fosc/8 
fosc/4 
fosc/2 


Figure:5.1.1 Prescaler Block Diagram 


TMnEN 


Chapter 5 
8-bit Timers 


m@ Timer 0 and 1 Block Diagram 
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Figure:5.1.2 Timer 0 and 1 Block Diagram 
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5.2 Control Registers 


Timer 0 to 3 consist of the binary counter (TMnBC) and the compare register (TMnOC). And they are controlled 
by the mode register (TMnMD). 


When the prescaler output is selected as the count clock source of timer 0 to 3, they should be controlled by the 
prescaler selection register (CKnMD). 


5.2.1 Registers 


Table:5.2.1 shows registers that control timer 0 to timer 3. 
Table:5.2.1 8-bit Timer Control Registers 


Register Address Function 

TMOBC 0x03F50 Timer 0 binary counter 
TMOOC 0x03F52 Timer 0 compare register 
TMOMD 0x03F54 Timer O mode register 











CKOMD 0x03F56 Timer 0 prescaler selection register 
TMOICR 0x03FE7 Timer 0 interrupt control register 
P10OMD 0x03F1C Port 1 output mode register 

P1DIR 0x03F31 Port 1 direction control register 
P50MD 0x03F2C Port 5 output mode register 

P5DIR 0x03F35 Port 5 direction control register 
Timer 1 TM1BC 0x03F51 Timer 1 binary counter 

TM10C 0x03F53 Timer 1 compare register 

TM1MD 0x03F55 Timer 1 mode register 


























CK1MD 0x03F57 Timer 1 prescaler selection register 





TM1ICR 0x03FE8 Timer 1 interrupt control register 
P10OMD 0x03F1C Port 1 output mode register 
P1DIR 0x03F31 Port 1 direction control register 
P7OMD 0x03F3C Port 7 output mode register 
P7DIR 0x03F37 Port 7 direction control register 
































Control Registers V-7 
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V- 


8 


Register 
Timer 2 TM2BC 


0x03F58 


Function 


Timer 2 binary counter 





TM20C 


Ox03F5A 


Timer 2 compare register 





TM2MD 


0x03F5C 


Timer 2 mode register 





CK2MD 


Ox03F5E 


Timer 2 prescaler selection register 





TM2ICR 


Ox03FE9 


Timer 2 interrupt control register 





P1OMD 


0x03F1C 


Port 1 output mode register 





P1DIR 


0x03F31 


Port 1 direction control register 





P50MD 


Ox03F2C 


Port 5 output mode register 





P5DIR 


0x03F35 


Port 5 direction control register 





TM3BC 


0x03F59 


Timer 3 binary counter 





TM30C 


0x03F5B 


Timer 3 compare register 





TM3MD 


0x03F5D 


Timer 3 mode register 





CK3MD 


Ox03F5F 


Timer 3 prescaler selection register 





TMS3ICR 


Ox03FEA 


Timer 3 interrupt control register 





P1OMD 


0x03F1C 


Port 1 output mode register 





P1DIR 


0x03F31 


Port 1 direction control register 





P7OMD 


0x03F3C 


Port 7 output mode register 





P7DIR 





R/W:Readable / Writable 
R:Readable only 


Control Registers 





0x03F37 








Port 7 direction control register 
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5.2.2 Timer Prescaler Registers 
a aE] 


Timer prescaler selection register selects the count clock for 8-bit timer. 
The register which selects prescaler output is consisted by the timer prescaler selection register (CKnMD). 


Mm Timer 0 prescaler selection register (CKOMD:0x03F56) 


bp 5 4 3 2 1 0 
Flag TMOADD | TMOADD | TMOADDEN | TMOPSC1 | TMOPSCo | TMOBAS 








At reset 





Access 


























Description 





Additional pulse position (within PWM 4 periods) 
00: None 

01:2nd period 

10:1st, 3rd periods 

11:1st, 2nd, 3rd periods 


TMOADD1 
TMOADDO 





TMOADDEN 


Additional pulse method PWM output control 
0:Disabled (8-bit PWM output) 
1:Enabled 





Clock source selection 
000:fosc/4 





TMOPSC1 
TMOPSCO 
TMOBAS 





010:fosc/16 
100:fosc/32 
110:fosc/64 
X01 :fs/2 
X11:fs/4 





Control Registers 


V- 
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M@ Timer 1 Prescaler Selection Register (CK1MD:0x03F57) 


2 


1 


0 





TM1PSC1 


TM1PSCO 


TM1BAS 





0 


0 


0 














Description 
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TM1PSC1 
TM1PSCO 
TM1BAS 
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Clock source selection 


000:fosc/4 
010:fosc/16 
100:fosc/64 
110:fosc/128 
X01 :fs/2 
X11:fs/8 
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M@ Timer 2 Prescaler Selection Register (CK2MD:0x03F5E) 


5 4 3 2 1 0 





TM2ADD | TM2ADD | TM2ADDEN | TM2PSC1 | TM2PSCO | TM2BAS 
































Description 





TM2ADD1 
TM2ADDO 


Additional pulse position (within PWM 4 periods) 
00: None 

01:2nd period 

10:1st, 3rd periods 

11:1st, 2nd, 3rd periods 





TMOADDEN 


Additional pulse method PWM output control 
0:Disabled (8-bit PWM output) 
1:Enabled 








TM2PSC1 
TM2PSCO 
TM2BAS 








Clock source selection 
000:fosc/4 
010:fosc/16 
100:fosc/32 
110:fosc/64 

X01 :fs/2 

X11:fs/4 


™@ Timer 3 Prescaler Selection Register (CK3MD:0x03F5F) 


2 1 0 





TM3PSC1 | TM3PSCO | TM3BAS 





0 0 0 











R/W 




















Description 








TM3PSC1 
TM3PSCO 
TM3BAS 








Clock source selection 
000:fosc/4 
010:fosc/16 
100:fosc/64 
110:fosc/128 

X01 :fs/2 

X11:fs/8 
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Programmable Timer Registers 


Each of timer 0 to 3 has 8-bit programmable timer registers. 


Programmable timer register consists of compare register and binary counter. 


Compare register is 8-bit register which stores the value to be compared to binary counter are stocked. 


m@ Timer 0 Compare Register (TMOOC:0x03F52) 


7 


6 


5 


4 


3 


2 


1 


0 





TM0OC7 


TMOOC6 


TMOOC5 


TMO0OC4 


TMO0OC3 


TMO0OC2 


TMOOC1 


TMOOCO 





X 


X 


X 


X 


X 


X 


X 


X 

















m@ Timer 1 Compare Register (TM10C:0x03F53) 


7 


6 


5 


4 








2 





1 








0 





TM10C7 


TM10C6 


TM10C5 


TM10C4 


TM10C2 


TM10C1 


TM10C0O 





X 


X 


X 


X 


X 


X 


X 

















m@ Timer 2 Compare Register (TM20C:0x03F5A) 


7 


6 


5 


4 








2 





1 








0 





TM20C7 


TM20C6 


TM20C5 


TM20C4 


TM20C2 


TM20C1 


TM20C0 





X 


X 


X 


X 


X 


X 


X 

















M@ Timer 3 Compare Register (TM30C:0x03F5B) 


7 


6 


5 


4 








2 





1 








0 





TM30C7 


TM380C6 


TM380C5 


TM30C4 


TM30C2 


TM30C1 


TM30CO 





X 


X 


X 


X 


X 


X 


X 
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Binary counter is 8-bit up counter. If any data is written to compare register the counting is stopped and binary 
counter is cleared to 0x00. 


@ Timer 0 Binary Counter (TMOBC:0x03F50) 


7 


6 


5 


4 


3 


2 


1 


0 





TMOBC7 


TMOBC6 


TMOBC5 


TMOBC4 


TMOBC3 


TMOBC2 


TMOBC1 


TMOBCO 





0 


0 


0 


0 


0 


0 


0 


0 








R 


7 





R 


6 





R 


@ Timer 1 Binary Counter (TM1BC:0x03F51) 


5 





R 


4 





R 


3 





R 


2 





R 





1 





R 


0 





TM1BC7 


TM1BC6 


TM1BC5 


TM1BC4 


TM1BC3 


TM1BC2 


TM1BC1 


TM1BCO 
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0 


0 


0 


0 


0 


0 


0 








R 


7 





R 


6 
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@ Timer 2 Binary Counter (TM2BC:0x03F58) 
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3 





R 


2 





R 





1 





R 


0 





TM2BC7 


TM2BC6 


TM2BC5 


TM2BC4 


TM2BC3 


TM2BC2 


TM2BC1 


TM2BCO 





0 


0 


0 


0 


0 


0 


0 


0 








R 


7 





R 


6 





R 


@ Timer 3 Binary Counter (TM3BC:0x03F59) 


5 





R 


4 





R 


3 





R 


2 





R 





1 





R 


0 





TM3BC7 


TM3BC6 


TM3BC5 


TM3BC4 


TM3BC3 


TM3BC2 


TM3BC1 


TM3BCO 





0 


0 


0 


0 


0 


0 


0 


0 








R 





R 





R 





R 





R 





R 





R 








R 
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5.2.4 Timer Mode Registers 
—_—_—_——— a a | 


Timer mode register is readable/writable register that controls timer 0 to 3. 


Mm Timer 0 Mode Register (TMOMD:0x03F54) 


V- 
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6 


5 4 2 1 0 





TMOPOP 


TMOMOD | TMOPWM TMOCK2 | TMOCK1 | TMOCKO 





Access 


























Description 





TMOPOP 


Output signal start polarity selection 
0:Timer output L3H, PWM H->L 
1:Timer output H>H, PWM L->H 





TMOMOD 


Pulse width measurement control 
0:Normal timer operation 
1:P54 pulse width measurement 





TMOPWM 


Timer 0 operation mode selection 
0:Normal timer operation 
1:PWM operation 





Timer 0 count control 
0:Halt the count 
1:Operate the count 








TMOCK2 
TMOCK1 
TMOCKO 


Control Registers 





Clock source selection 

X00:fosc 

X01:TMOPSC (Prescaler output) 
010:fx 

011:Synchronous fx 

110:TMOIO input 
111:Synchronous TMOIO output 
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Mm Timer 1 Mode Register (TM1MD:0x03F55) 


bp 4 2 1 0 
Flag TM1CAS TM1iCK2 | TM1CK1 | TM1CKO 








At reset 0 0 0 0 





Access 



































Description 

7-5 - : 

4 TM1CAS Timer 1 operation mode selection 
0:Normal timer operation 
1:Cascade connection 

3 TM1EN Timer 1 count control 


0:Halt the count 
1:Operate the count 


2-0 TM1CK2 Clock source selection 

TM1CK1 X00:fosc 

TM1CKO X01:TM1PSC (Prescaler output) 
010:fx 

011:Synchronous fx 

110:TM11IO input 
111:Synchronous TMOIO input 
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M@ Timer 2 Mode Register (TM2MD:0x03F5C) 
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bp 


6 


5 4 2 1 


0 





Flag 


TM2POP 


TM2MOD | TM2PWM TM2CK2— | TM2CK1 


TM2CKO 





At reset 


0 


0 0 0 0 


0 





Access 























Description 











TM2POP 


Output signal start polarity selection 
0:Timer output L3H, PWM H->L 
1:Timer output H>H, PWM LH 





TM2MOD 


Pulse width measurement control 
0:Normal timer operation 
1:P56 pulse width measurement 





TM2PWM 


Timer 2 operation mode selection 
0:Normal timer operation 
1:PWM operation 





TM2EN 


Timer 2 count control 
0:Halt the count 
1:Operate the count 








TM2CK2 
TM2CK1 
TM2CKO 


Control Registers 





Clock source selection 

X00:fosc 

X01:TM2PSC (Prescaler output) 
010:fx 

011:Synchronous fx 

110:TM2IO input 
111:Synchronous TM2IO output 
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Mm Timer 3 Mode Register (TM3MD:0x03F5D) 


4 2 1 0 
TM38CAS TM3CK2_ | TM3CK1_ | TM3CKO 
0 0 0 0 



































Description 





TM3CAS Timer 3 operation mode selection 


0:Normal timer operation 
1:Cascade connection 





Timer 3 count control 
0:Halt the count 
1:Operate the count 


TM38CK2 Clock source selection 

TM3CK1 X00:fosc 

TM3CKO X01:TM3PSC (Prescaler output) 
010:Synchronous fx 

110:TM3IO input 
111:Synchronous TM3IO input 
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@ Port 1 Output Mode Register (P1OMD:0x03F1C) 
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t 


6 


5 4 3 2 1 


0 





P10OMD7 


P1OMD6 


P1OMD5 | P1OMD4 | P1OMD3 | NBUZSEL | P1OMD2 


BUZSEL 





0 


0 


0 0 0 0 0 


0 








P1OMD7 




















R/W 


Description 


I/O port, TM2OB selection 
0:1/0 port 
1:TM20B 








P1OMD6 


I/O port, TM2IO selection 
0:1/O port 
1:TM2I0 





P1OMD5 


I/O port, TMOOB selection 
0:1/O port 


1:TMOOB 





P1OMD4 


I/O port, TMOIO/RMOUT selection 
0:1/0 port 
1:TMOIO/RMOUT 





P1OMD3 


I/O port, TM7IO selection 
0:1/0 port 
1:TM7IO 





NBUZSEL 


I/O port, NBUZZER selection 
0:1/0 port 
1:NBUZZER 





P1OMD2 


I/O port, TM8IO selection 
0:1/0 port 
1:TM8IlO 








BUZSEL 


Control Registers 





I/O port, BUZZER selection 
0:1/0 port 
1:BUZZER 
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5.3 Prescaler 


5.3.1 Prescaler Operation 





™@ Prescaler Operation (Prescaler 0 to 1) 


Prescaler 0, prescaler | are each free-run counter of 7 bits, 3 bits and output the dividing clock of the reference 
clock. This count up operation starts automatically when any TMnEN flags of 8-bit timer are set to “1” and oper- 
ate the timer n counting. Also, it stops automatically when all TMnEN flags of 8-bit timer are set to “O” and stop 
all timer counting. 


M@ Count Timing of Prescaler Operation (Prescaler 0 to 1) 
Prescaler 0 counts up at the falling edge of fosc. 

Prescaler | counts up at the rising edge of fs. 

@ Peripheral Functions 


Peripheral functions which can use the prescaler output dividing clock, or registers which control the dividing 
clock selections are shown below. 

















Timer 0 Count Clock CKOMD 
Timer 1 Count Clock CK1MD 
Timer 2 Count Clock CK2MD 
Timer 3 Count Clock CK3MD 











Start the timer operation after the prescaler setup. Also, at the timer, the prescaler output 
should be set up by the timer mode register. The prescaler starts counting at the start of the 


timer operation. 
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5.3.2 Setup Example 
Se] 
™@ Prescaler Operation Setup Example 

fs/2 clock which is output from the prescaler 1 is selected to the count clock of the timer 0. 


A setup procedure example, with a description of each step in shown below: 








Setup Procedure Description 
(1) Select the prescaler output (1) Select fs/2 to the prescaler output by the TMOPSC 1 to 
CKOMD(0x03F56) 0, TMOBAS flag of the timer 0 prescaler selection 
bp2-1 :TMOPSC1-0 =X0 register. 
bpO :TMOBAS =1 














At the timer, prescaler output selection should be set up by the timer mode register. 
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5.4 8-bit Timer 


5.4.1 8-bit Timer Operation 





Timer operation can constantly generates interrupts. 
@ 8-bit Timer Operation (Timer 0, 1, 2, and 3) 


The generation cycle of timer interrupts is set by the clock source selection and the setting value of the compare 
register (TMnOC), in advance. If the binary counter (TMnBC) reaches the setting value of the compare register, 
an interrupt is generated at the next count clock, then binary counter is cleared and counting is restarted from 
0x00. 


Table shows clock source that can be selected by timer. 





















































Clock source per Count Timer 0 Timer 1 Timer 2 Timer 3 
(8-bit) (8-bit) (8-bit) (8-bit) 

fosc 100 ns O O O O 

fosc/4 400 ns O O O O 

fosc/16 1.6 us O O O O 

fosc/32 3.2 us O - O - 

fosc/64 6.4 us O O O O 

fosc/128 12.8 us - oO - O 

fs/2 400 ns O O O O 

fs/4 800 ns O : O = 

fs/8 1.6 us : : 

fx 30.5 us O O 

fosc=10 MHz fx=32.768 kHz 

fs=fosc/2=5 MHz 











When fs/2, fs/4, fs/8 are used as clock source, they are counted at the rising of the count 
\ clock and when others are used, they are counted at the falling of the count clock. 
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M@ Count Timing of Timer Operation (Timer 0, 1, 2, and 3) 


Binary counter counts up with selected clock source as a count clock. The basic operation of the whole function 
of 8-bit timer is as follows: 


Count 
clock 


TMnEN 
flag 


Compare 
register 


: : : ;  (D) 
oh Ce C2 Cone Co) 0) C2 Ch CC 
counter 

(A) (B) (C) (E) 
Interrupt 
request flag 


Figure:5.4.1 Count Timing of Timer Operation (Timer 0, 1, 2, and 3) 





¢ (A)If the value is written to the compare register during the TMnEN flag is stopped (“0”), the binary counter is 
cleared to 0x00, at the writing cycle. 


¢ (B)If the TMnEN flag is operated (“‘1’’), the binary counter is started to count. 


¢ (C)If the binary counter reaches the value of the compare register, the interrupt request flag is set at the next 
count clock, then the binary counter is cleared to 0x00 and the counting is restarted. 


¢ (D)Even if the compare register is rewritten during the TMnEN flag is enabled (“1’’), the binary counter is not 
changed. 


¢ (E)If the TMnEN flag is stopped (‘0’), the binary counter is stopped. 


8-bit Timer 
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When the binary counter reaches the value in the compare register, the interrupt request flag 

is set and the binary counter is cleared, at the next count clock. So set the compare register 

as: 
Compare register setting = (count till the interrupt request -1) 








If the compare register is set to smaller than the binary counter during the count operation, 
the following operations occur by the values of binary counter and compare register. 
1. When using as the 8-bit timer, binary counter counts up until overflow once. 


2. When using as the 16-bit timer with cascade connection, if the upper 8 bit value of binary 
counter reaches the upper 8 bit value of compare register, binary counter counts up until 
overflow once. 


3. When using as the 16-bit timer with cascade connection, if the upper 8 bit value of binary 
counter reaches the upper 8 bit value of compare register, binary counter is cleared as the 
lower 8 bit of binary counter overflows. 








If the interrupt is enabled, the timer interrupt request flag should be cleared before timer is 
started. 


td 








When a timer interrupt request flag is generated, up to 3 system clock is required for the next 
flag generation. Even if the binary counter reaches the value in the compare register, a timer 
interrupt request flag is not generated. 


(mm \ 








When fx is used as the clock source, clear the binary counter before starting the timer opera- 
tion. Also, when 0x00 is set to the compare register, use the synchronous fx. 








| count operation, it may not operate properly. To prevent, use synchronous fx. 


< When fx is used as the count clock source and the compare register is rewritten during the 








pected value. To prevent, select synchronous fx input. 


< When synchronous fx is used as the count clock source, binary counter may reach to unex- 
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5.4.2 Setup Example 


M@ Timer Operation Setup Example (Timer 0, 1, 2, and 3) 


Timer function can be set by using timer 0 that generates the constant interrupt. Interrupt is generated every 250 


cycles (200 us) by selecting fs/2 (at fs=2.5 MHz operation) as a clock source. 


A setup procedure example, with a description of each step is shown below. 





Setup Procedure 


Description 





(1) Stop the counter 
TMOMD(0x03F54) 
bp3 :TMOEN =0 


(2) Disable the interrupt 
TMOICR(0x03FE7) 
bp1 :TMOIE =0 


(3) Select the normal timer operation 
TMOMD(0x03F54) 
bp4 :TMOPWM =0 
bp5 :TMOMOD =0 


(4) Select the count clock source 
TMOMD(0x03F54) 
bp2-0 :TMOCK2-0 =X01 


(5) Select and enable the prescaler output 
CKOMD(0x03F56) 
bp2-1 :TMOPSC1-0 =X0 
bpO :TMOBAS =1 


(6) Set the cycle of the interrupt generation 
TMOOC (0x03F52) =0xF9 


(7) Set the interrupt level 
TMOICR(0x03FE7) 
bp7-6 :TMOLV1-0 =10 


(8) Enable the interrupt 
TMOICR (0x03FE7) 
bp1 :TMOIE =1 


(9) Start the timer operation 
TMOMD(0x03F54) 
bp3 :TMOEN =1 








(1) Set the TMOEN flag of the timer 0 mode register 
(TMOMD) to “O” to stop the counting of the timer 0. 


(2) Set the TMOIE flag of the TMOICR register to “O” to 
disable the interrupt. 


(3) Set the TMOPWM flag and the TMOMOD flag of the 
TMOMD register to “0” to select the normal timer 
operation. 


(4) Select the prescaler output to the clock source by the 
TMOCKk2 to 0 flag of the TMOMD register. 


(5) Select fs/2 to the prescaler output by the TMOPSC 1 to 0 
flag and TMOBAS flag of the timer 0 prescaler selection 
register (CKOMD). 


(6) Set the value of the interrupt generation cycle to the 
timer 0 compare register (TMOOC). The cycle is 250, 
so that the setting value is set to 249 (0x49). 

At that time, the timer 0 binary counter (TMOBC) is 
initialized to 0x00. 


(7) Set the interrupt level by the TMOLV1 to 0 flag of the 
timer 0 interrupt control register (TMOICR). 
If the interrupt request flag may be already set, clear 
the request flag. 
[Chapter 3 3.1.4. Interrupt Flag Setup] 


(8) Set the TMOIE flag of the TMOICR register to “1” to 
enable the interrupt. 


(9) Set the TMOEN flag of the TMOMD register to “1” to 
operate the timer 0. 





8-bit Timer 
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The TMOBC starts to count up from 0x00. When the TMOBC reaches the setting value of the TMOOC register, 
the timer 0 interrupt request flag is set at the next count clock, then the value of the TMOBC becomes 0x00 and 
restart to count up. 


When the TMnEN flag of the TMnMD register is changed at the same time to other bit, binary 
counter may start to count up by the switching operation. 











Do not operate the TMnEN flag and the TMnCK 2 to 0 flag of the TMnMD register at the 
| same time. That may lead the malfunction. 
a 








< Count clock source should be changed when the timer interrupt is disabled. 
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5.5 8-bit Event Count 


3,0; 1 Operation 





Event count operation has 2 types; TMnIO input and synchronous TMnIO input, according to the clock source 
selection. 


@ 8-bit Event Count Operation (Timer 0, 1, 2, and 3) 


Event count operation means that the binary counter (TMnBC) counts the input signal from external to the 
TMnlO pin. If the value of the binary counter reaches the setting value of the compare register (TMnOC), inter- 
rupts can be generated at the next count clock. 


Table:5.5.1 Event Count Input Clock 











Timer 0 Timer 1 Timer 2 Timer 3 
Event input TMOIO input TM110 input TM2lO input TMSIO input 
(P14) (P70) (P16) (P71) 
Synchronous | Synchronous | Synchronous | Synchronous 
TMOIO input TM110O input TM2I0O input =| TM3lO input 




















@ Count Timing of TMnIO Input (Timer 0, 1, 2, and 3) 
When TMnl0O input is selected, TMnIO is input to the count clock of the timer n. 


The binary counter is started to count up at the falling edge of the TMnIO input signal. 








TM7IO 

Input 

TM7EN tt fl 
Flag 

Compare ES ond - 4 
Register : so : = 
“te Xo fe} ele 
Counter 

Interrupt 

Request Flag 


Figure:5.5.1. Count Timing of TMnIO Input (Timer 0, 1, 2, and 3) 
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When the TMnlO input is used as the count clock source, the value of the binary counter may 
reach to an unexpected value. To prevent, select synchronous TMOIO input. 


(ma \ 








When TMnhlO is used as the count clock source and the compare register is rewritten during 
the count operation, it may not operate properly. To prevent, use synchronous TMnlO. 


(ma \ 








When the TMnlO input is selected for count clock source and the value of the timer n binary 
counter is read out during operation, incorrect value at count up may be read out. To prevent 
this, use the event count by synchronous TMnIO input, as the following page. 


id 








When the event input (TMnIO input) is used, clear the binary count before the timer opera- 
tion. Also, when 0x00 is set to the compare register, use the event count by the synchronous 
TMnlO input, as the following page. 


(m\ 








Timer can be recovered from STOP mode only at the TMnIO input. When TMnIO input is 
used at STOP mode, fs should be selected for the count clock and set the value to TMnOC, 
then select TMnIO input. 


(ma \ 








When the event input (TMnIO) is selected as the count clock source, and the compare regis- 
ter is rewritten during the timer operation, the operation of the corresponding cycle to the 
value cannot be guaranteed during the transition period. For proper timer operation with an 
expected cycle, stop the timer, rewrite the compare register, then start the timer operation. 


(mt \ 
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@ Count Timing of Synchronous TMnIO Input (Timer 0, 1, 2, and 3) 


If the synchronous TMnlIO input is selected, the synchronous circuit output signal is inputted to the timer n count 
clock. The synchronous circuit output signal is synchronization with the falling edge of the system clock derived 


the TMnIO input signal. 
TMnlO 
Input 
NN _ N_A Vv “NS ‘NS NOS NN N_VY 


System 
Clock (fs) 
Synchronous 1 
ee J[L_LitL Jf | PLA Ly Ly 
(count clock) Y Y Woo u ee Y 


TMnEN 
Flag 





Compare 
Register 


"eon {oo Yor foe | _ ~ 
Counter : 

Interrupt 

Request Flag 


Figure:5.5.2 Count Timing of Synchronous TMnlO Input (Timer 0, 1, 2, and 3) 








counter counts up in synchronization with system clock, therefore the correct value is always 


< When the synchronous TMnlO input is selected as the count clock source, the timer n 
= read out. 
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M@ Event Count Setup Example (Timer 0, 1, 2, and 3) 


If the falling edge of the TMnIO input pin signal is detected 5 times, an interrupt is generated. 


A setup procedure example, with a description of each step is shown below. 





Setup Procedure 


Description 





(1) Stop the counter 
TMOMD(0x03F54) 
bp3 :TMOEN =0 


(2) Enable the interrupt 
TMOICR(0x03FE7) 
bp1 :TMOIE =0 


(3) _Set the special function pin to input 
P1DIR(0x03F31) 
bpO :P1DIRO =0 


(4) Select the count clock source 
TMOMD(0x03F54) 
bp2-0 :TMOCK2-0 =X01 


(5) Select and enable the prescaler output 
CKOMD(0x03F56) 
bp2-1 :TMOPSC1-0 =X0 
bpO :TMOBAS =1 


(6) set the interrupt generation cycle 
TMOOC (0x03F52) =0x04 


(7) Select the normal timer operation 
TMOMD(0x03F54) 
bp4 :TMOPWM =0 
bp5 :TMOMOD =0 


(8) Select the count clock source 
TMOMD(0x03F54) 
bp2-0 :TMOCK2-0 =110 


(9) Set the interrupt level 
TMOICR(0x03FE7) 
bp7-6 :TMOLV1-0 =10 








(1) Set the TMOEN flag of the timer 0 mode register to “O” to 
stop timer 0 counting. 


(2) Set the TMOIE flag of the TMOICR register to “O” to 
disable the interrupt. 


(3) Set the P1DIRO flag of the port 1 direction control 
register (P1DIR) to “0” to set P10 pin to input mode. 
[Chapter 4. I/O Port Function] 


(4) Select the prescaler output to the clock source by the 
TMOCKk2 to 0 flag of the TMOMD register. 


(5) Select the fs/2 to the prescaler output by the TMOPSC1 
to 0 flag and the TMOBAS flag of the timer 0 prescaler 
selection register (CKOMD). 


(6) Set the interrupt generation cycle to the timer 0 compare 
register (TMOOC). Counting is 5, so the setting value 
should be 4. 

At the time, the timer 0 binary counter (TMOBC) is 
initializes to 0x00. 


(7) Set the TMOPWM flag and the TMOMOD flag of the 
TMOMD register to “O” to select the normal timer 
operation. 


(8) Select the TMOIO input to the clock source by the 
TMOCK2 to 0 flag of the TMOMD register. 


(9) Set the interrupt level by the TMOLV1 to 0 flag of the 
timer 0 interrupt control register (TMOICR). 
If the interrupt request flag may be already set, clear 
the request flag. 
[Chapter 3 3.1.4. Interrupt Flag Setup] 
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Setup Procedure 


Description 





(10) Enable the interrupt 
TMOICR(0x03FE7) 
bp1 :TMOIE =1 


(11) Start the event count 
TMOMD(0x03F54) 
bp3 :TMOEN =1 








(10) Set the TMOIE flag of the TMOICR register to “1” to 
enable the interrupt. 


(11) Set the TMOEN flag of the TMOMD register to “1” to 
operate the timer 0. 





Every time TMOBC detects the falling edge of TMOIO input, TMOBC counts up from 0x00. When TMOBC 
reaches the setting value of TMOOC register, the timer 0 interrupt request flag is set at the next count clock, then 
the value of TMOBC becomes 0x00 and counting up is restarted. 
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5.6 8-bit Timer Pulse Output 
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5.6.1 Operation 





The TMnIO pin can output a pulse signal at any frequency. 
M@ Operation of Timer Pulse Output (Timer 0, 1, 2, and 3) 


The timers can output signals of 2 x cycle of the setup value in the compare register (TMnOC). Output pins are as 


follows; 


Table:5.6.1 Timer Pulse Output Pin 























Timer 0 Timer 1 Timer 2 Timer 3 
Pulse output pin | TMOIO TM110 TM2I0 TM3IO 

output output output output 

(P14) (P70) (P16) (P71) 








M@ Count Timing of Timer Pulse Output (Timer 0, 1, 2, and 3) 


Count 








TMnEN oS oe cae a oe oe 

flag a oa eo ee we , 
Compare ee a ee a i 
register ' : ' : : ' : : ! : : : 
cot oe {wif wf fot] ve Sood = is 
counter 


Interrupt 
request flag 


Figure:5.6.1 Count Timing of Timer Pulse Output (Timer 0, 1, 2, and 3) 


reaches the compare register, and the binary counter is cleared to 0x00, TMnIO output (timer output) is 
inverted. 


8-bit Timer Pulse Output 


TMnlO output | | 


The TMnlO pin outputs signals of 2 x cycle of the setup value in the compare register. If the binary counter 


V-31 


Chapter 5 
8-bit Timers 


V- 


32 


5.6.2 Setup Example 


M@ Timer Pulse Output Setup Example (Timer 0, 1, 2, and 3) 


TMOIO pin outputs 50 kHz pulse by using timer 0. For this, select fs/2 for clock source, and set a 1/2 cycle (100 
kHz) for the timer 0 compare register (at fs = 10 MHz). 


An example setup procedure, with a description of each step is shown below. 





Setup Procedure 


Description 





(1) Stop the counter 
TMOMD(0x03F54) 
bp3 :TMOEN =0 


(2) Set the special function pin to the output 
mode 
P1OMD(0x03F1C) 
bp0 :P1OMDO =1 
P1DIR (0x03F31) 
bp0 :P1DIRO =1 


(3) Select the normal timer operation 
TMOMD(0x03F54) 
bp4 :TMOPWM =0 
bp5 :TMOMOD =0 


(4) Select the count clock source 
TMOMD(0x03F54) 
bp2-0 :TMOCK2-0 =X01 


(5) Select and enable the prescaler output 
CKOMD(0x03F56) 
bp2-1 :TMOPSC1-0 =X0 
bpO :TMOBAS =1 


(6) Set the timer pulse output cycle 
TMOOC (0x03F52) =0x31 


(7) Start the timer operation 
TMOMD(0x03F54) 
bp3 :TMOEN =1 








(1) Set the TMOEN flag of the timer 0 mode register 
(TMOMD) to “O” to stop timer 0 counting. 


(2) Set the P10MDO flag of the port 1 output mode register 
(P10MD) to “O” to set P10 pin to the special function 
pin. 

Set the TMOMOD flag of the port 1 direction control 

register (P1DIR) to “1” to set the output mode. 

[Chapter 4. I/O Port Function] 


(3) Set the TMOMOD flag of the TMOMD register to “O” to 
select the normal timer operation. 


(4) Select the prescaler output to the clock source by the 
TMOCk2 to 0 flag of the TMOMD register. 


(5) Select fs/2 to the prescaler output by the TMOPSC 1 to 0 
flag and TMOBAS flag of the timer 0 prescaler selection 
register (CKOMD). 


(6) Set the timer 0 compare register (TMOOC) to the 1/2 of 
the timer pulse output cycle. The setting value should 
be 50-1=49 (0x31), for 100 kHz to be divided by 5 MHz. 
At that time, the timer 0 binary counter (TMOBC) is 
initialized to 0x00. 


(7) Set the TMOEN flag of the TMOMD register to “1” to 
operate the timer 0. 





TMOBC counts up from 0x00. If TMOBC reaches the setting value of the TMOOC register, then TMOBC is 
cleared to 0x00, TMOIO output signal is inverted and TMOBC restarts to count up from 0x00. 


If any data is written to compare register when the binary counter is stopped, timer output is reset to “L”. 
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If any data is written to compare register when the binary counter is stopped, timer output is 
reset to “L”. 








[Compare register] Compare register=Timer pulse output / (Selection clock cycle x 2)-1 
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5.7  8-bit PWM Output 





The TMnIO pin outputs the PWM waveform, which is determined by the match timing for the compare register 


and the overflow timing of the binary counter. 


5.751 Operation 





H@ Operation of 8-bit PWM Output (Timer 0 and 2) 


The PWM waveform with an arbitrary duty cycle is generated by setting the duty cycle of PWM period to the 
compare register (TMnOC). The cycle is the period from the full count to the overflow of the 8-bit timer. 


Table:5.7.1 shows PWM output pins; 
Table:5.7.1 Output Pins of PWM Output 





Timer 0 


Timer 2 





PWM output pin 








TMOIO output pin (P14) 





TM2I0O output pin (P16) 
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@ Count Timing of PWM Output (at Normal) (Timer 0 and 2) 


Count 
clock ee ee wae 





TMnEN 

flag 

Compare i i tS hie i 
register : : ; : : ; ; ; 
=, Ge)-GEHE)-GEEE-GEE 
counter 

TMnlO output (A) (B) 


(PWM output) . . 
Time set in the compare regiser 





PWM basic components(overflow time of binary counter) 


Interrupt 
request flag | | 


Figure:5.7.1_ Count Timing of PWM Output (at Normal) 


PWM source waveform when TMnPOP flag is set to “0” 
¢ (A) is “H” while counting up from 0x00 to the value stored in the compare register. 


¢ (B) is “L” after the match to the value in the compare register, then the binary counter continues counting up 
till the overflow. 
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@ Count Timing of PWM Output (when the compare register is 0x00) (Timer 0 and 2) 


Here is the count timing when the compare register is set to 0x00. 


TMnEN 
flag 








Sompals a eS. Ag how ce % bo 
register -—_ ie ES a ee eee co 


li oo (NN Ja} ne vee (re FF Xoo Yo | .: {nf 9 = 
counter 
H 
TMnlO output | 
(PWM output). 


Figure:5.7.2 Count Timing of PWM Output (when compare register is 0x00) 


When TMhnEN flag is stopped (“0”), PWM output is “H”. 
@ Count Timing of PWM Output (when the compare register is OxFF) (Timer 0 and 2) 


Here is the count timing when the compare register is set to OxFF. 


Count 
clock 





TMnEN 
flag He oe 





pombare Ht a ee Ht | ! 
register a ee a ee pose es moe 


= EC}-bes Ee -HEe 
counter 

TMnlO output | | 

(PWM output) 


Figure:5.7.3 Count Timing of PWM Output (when compare register is OxFF) 
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5.7.2 |= PWM Output with Additional Pulse 


m@ PWM Output with Additional Pulse Method (Timer 0 and 2) 


In the additional pulse method, an additional bit is added to the 8-bit basic PWM output. 

The bit0 to 3 can be added during 4 cycle of basic PWM output. 

Whether or not, and to which the additional bit is added during 4 cycles of basic PWM output can be controlled 
with the timer 0 mode register (TMOMD bit 6, 7) and the timer 2 mode register (TM2MD bit 6, 7). 


H Setting the position of the Additional Pulses 


The positions of the additional pulse is set in the timer 0 prescaler selection register (CKOMD)and the timer 2 
prescaler selection register (CK2MD) at the bit 5, 4. When the CKOMD and the CK2MD register bit 5 and 4 are 
set as ‘00’, no additional pulse is added to the basic PWM cycle. When set as ‘11’, 3 out of the 4 periods in the 
basic PWM cycle are each added with an additional bit pulse. 

Table:5.7.2 shows the relationship between values of CKOMD and CK2MD bits 5 and 4, and the additional 
pulses. 

Figure:5.7.4 shows the relationship between values of CKOMD and CK2MD bits 6 and 7, and the position of the 
additional pulses. 




















Table:5.7.2 
CKnMD register set 
value Additional pulse position 
PWM basic wave form (4-periods) 
bit7 bit6 
0 0 No additional pulse 
0 1 2 period 
1 0 1 and 3 period 
1 1 1, 2 and 3 period 




















Interrupt generates at the 4th cycles of the basic waveform. 
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CKOMD 
CK2MD bit 5,4 
00" 
No additional pulse 


CKOMD 
CK2MD bit 5,4 
01" 


CKOMD 
CK2MD bit 5,4 
10! 


Interrupt 
Request Flag 
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PWM basic waveform (4 periods) 
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During 4 cycles of the PWM basic waveform, additional pulses 
(1/256 pulse width of PWM basic waveform)can be added in any of the periods 0 to 3. 


Figure:5.7.4 
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m@ PWM Output Setup Example (Timer 0 and 2) 


The 1/4 duty cycle PWM output waveform is output from the TMOIO output pin at 19.53 Hz by using the timer 0. 


Fs/2 oscillates at 5 MHz. Cycle period of PWM output waveform is decided by the overflow of the binary 
counter. “H” period of the PWM output waveform is decided by the setting value of the compare register. 


An example setup procedure, with a description of each step is shown below. 


TMOIO output | | | | | | 





19.53 Hz 


> 


Figure:5.7.5 Output Waveform of TMOIO Output Pin 





Setup Procedure 


Description 





(1) Stop the counter 
TMOMD(0x03F54) 
bp3 :TMOEN =0 


(2) iSelect the special function pin to output 
P1OMD(0x03F1C) 
bp0 :P1OMDO =1 
P1DIR(0x03F31) 
bpO :P1DIRO =1 


(3) Select the PWM operation 
TMOMD(0x03F54) 
bp4 :TMOPWM =1 
bp5 :TMOMOD =0 
bp6 :TMOPOP =0 


(4) Select the count clock source 
TMOMD(0x03F54) 
bp2-0 :TMOCK2-0 =X01 


(5) Select and enable the prescaler output 
CKOMD(0x03F56) 
bp2-1 :TMOPSC1-0 =X0 
bp0O :TMOBAS =1 








(1) Set the TMOEN flag of the timer 0 mode register 
(TMOMD) to “O” to stop the timer 0 counting. 


(2) Set the P10MDO flag of the port 1 output mode register 
(P10MD) to “1” to set P10 pin to the special function 
pin. 

Set the P1DIRO flag of the port 1 direction control 
register (P1DIR) to “1” for the output mode. 
[Chapter 4. I/O Ports] 


(3) Set the TMOPWM flag of the TMOMD register to “1” and 
the TMOMOD flag to “O” to select the PWM operation. 


(4) Select the prescaler output to the clock source by the 
TMOCK2 to 0 flag of the TMOMD register. 


(5) Select fs/2 to the prescaler output by the TMOPSC1 to 0 
and TMOBAS flag of the timer 0 prescaler selection 
register. 
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8-bit Timers 
Setup Procedure Description 
(6) Set the period of PWM “H” output (6) Set the “H” period of PWM output to the timer 0 compare 
TMOOC (0x03F52) =0x40 register (TMOOC). 
The setting value is set to 256/4=64 (0x40), because it 
should be the 1/4 duty of the full count (256). 
At that time, the timer 0 binary counter (TMOBC) is 
initialized to 0x00. 
(7) Start the timer operation (7) Set the TMOEN flag of the TMOMD register to “1” to 
TMOMD(0x03F54) operate the timer 0. 
bp3 :TMOEN =1 

















The initial setting of PWM output is changed from “L” output to “H” output at the selection of 
PWM operation by the TMnPWM flag of the TMnMD register. 
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5.8 Serial Transfer Clock Output 





5.8.1 Operation 





Serial transfer clock can be created by using the timer output signal. 
Serial transfer clock operation by 8-bit timer (Timer 1, 2, and 3) 

¢ Timer 1:Serial 0 

¢ Timer 2:Serial 0, Serial 2 

¢ Timer 3:Serial 2 


@ Timing of Serial Transfer Clock (Timer 1, 2, and 3) 


TMnEN 
flag 





Compare N 
register ‘ ‘ ‘ ‘ ‘ ‘ 


counter 

Interrupt | | | 

request flag 

Timer output | | | 


Figure:5.8.1 Timing of Serial Transfer Clock (Timer 1, 2, and 3) 


¢ The serial transfer clock is the 1/2 of the frequency set to the compare register. 


¢ For the baud rate calculation and the serial interface setup, refer to chapters for Serial Interface. 
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5.8.2 Setup Example 


@ Serial Transfer Clock Setup Example (Timer 2) 


How to create a transfer clock for half duplex UART (Serial 0) using with the timer 2 is shown below. The baud 
rate is selected to be 300 bps, the source clock of timer 2 is selected to be fs/2 (at fs=2 MHz). 


An example setup procedure, with a description of each step is shown below. 





Setup Procedure 


Description 





(1) Stop the counter 
TM2MD(0x03F5C) 
bp3 :TM2EN =0 


(2) Select the normal timer operation 
TM2MD(0x03F5C) 
bp4 :TM2PWM =0 
bp5 :TM2MOD =0 


(3) Select the count clock source 
TM2MD(0x0F5C) 
bp2-0 :TM2CK2-0 =X01 


(4) Select and enable the prescaler output 
CK2MD(0x0F5E) 
bp2-1 :TM2PSC1-0 =X0 
bp0 :TM2BAS =1 


(5) Set the baud rate 
TM2O0C (0x0F5A) =0xCF 


(6) Start the timer operation 
TM2MD(0x0F5C) 
bp3 :TM2EN =1 








(1) Set the TM2EN flag of the timer 2 mode register 
(TM2MD) to “O” to stop the timer 2 counting. 


(2) Set the TM2PWM flag and the TM2MOD flag of the 
TM2MD register to “O” to select the normal timer 
operation. 


(3) Select the prescaler output to the clock source by the 
TM2Ck2 to 0 flag of the TM2MD register. 


(4) Select fs/2 to the prescaler output by the TM2PSC1 to 0 
flag and the TM2BAS flag of the timer 2 prescaler 
selection register. 


(5) Set the timer 2 compare register (TM2OC) such a value 
that the baud rate comes to 300 bps. 
At that time, the timer 2 binary counter (TM2BC) is 
initialized to 0x00. 


(6) Set the TM2EN flag of the TM2MD register to “1” to 
operate the timer 2. 





¢ TM2BC counts up from 0x00. Timer 2 output is the clock of the serial interface 0 at transmission and recep- 


tion. 


¢ For the setup value of the compare register and the setup of the serial interface operation, refer to Chapter 11 


Serial interface 0. 
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5.9 Simple Pulse Width Measurement 





5.9.1 Operation 





Timer measures the “L” duration of the pulse signal input from the external interrupt pin. 
H Simple Pulse Width Measurement Operation by 8-bit Timer (Timer 0, 2) 


When the input signal of the external interrupt pin (simple pulse width) is “L”, the binary counter of the timer 
counts up. Pulse width “L” period can be measured by reading the count of timer. 8-bit timers that have the sim- 
ple pulse width measurement function are the timer 0, and 2. 


Table:5.9.1 Simple Pulse Width Measurement Able Pins 




















Timer 0 Timer 2 
Simple pulse width External interrupt 0 External interrupt 2 
measurement enable pin (P54/IRQO) (P56/IRQ2) 





M@ Count Timing of Simple Pulse Width Measurement (Timer 0, 2) 
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External interrupt : : : : j : : : 
IRQ(n) ; : : : : : : : 
External interrupt : : : : 
Synchronous signal : : : : 
TMnEN ; : 
Flag H 
Compare FF 
register 
Binary 00 01 02 03 04 05 


Counter 





Figure:5.9.1 Count Timing of Measurement of Simple Pulse Width 


e External interrupt IRQ(n) is synchronized by the count clock source. 


e After the external interrupt IRQ(n) is set to “H’”, count operation continues until the falling edge of the next 
count clock source. 





the value of the binary counter cannot be guaranteed. When measuring pulse width, do not 


< When the low speed clock (fx) and the event count (TMnIO) are selected as the clock source, 
* select fx and TMnIO as the clock source. 
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5.9.2 Setup Example 


M@ Setup Example of Simple Width Measurement by 8-bit Timer (Timer 0, 2) 


The pulse width of “L” period of the external interrupt 0 IRQO) input signal is measured by the timer 0. The 


clock source of the timer 0 is selected to fs/2. 


A setup procedure example, with a description of each step is shown below. 





Setup Procedure 


Description 





(1) Stop the counter 
TMOMD(0x03F54) 
bp3 :TMOEN =0 


(2) Set the pulse width measurement operation 
TMOMD(0x03F54) 
bp4 :TMOPWM =0 
bp5 :TMOMOD =1 


(3) Select the count clock source 
TMOMD(0x03F54) 
bp2-0 :TMOCK2-0 =X01 


(4) Select and enable the prescaler output 
CKOMD(0x03F56) 
bp2-1 :TMOPSC1-0 =X0 
bp0 :TMOBAS =1 


(5) Set the compare register 
TMOOC (0x03F52) =x'FF' 


(6) Set the interrupt level 
IRQOICR(0x03FE2) 
bp7-6 :IRQOLV1-0 ="XX" 


(7) Set the interrupt valid edge 
IRQOICR(0x03FE2) 
bp5 :REDGO =1 


(8) Enable the interrupt 
IRQOICR(0x03FE2) 
bp1 :IRQOIE =1 


(9) Enable the timer operation 
TMOMD(0x03F54) 
bp3 :TMOEN =1 








(1) Set the TMOEN flag of the timer 0 mode register 
(TMOMD) to “0” to stop the timer 0 counting. 


(2) Set the TMOPWM flag of the TMOMD register to “O” and 
TMOMOD flag to “1” to enable the timer operation 
during “L” period to be measured. 


(3) Select the prescaler output to the clock source by the 
TMOCK2 to 0 flag of the TMOMD register. 


(4) Select fs/2 to the prescaler output by the TMOPSC1 to 0 
flag and the TMOBAS flag of the timer 0 prescaler 
selection register (CKOMD). 


(5) Set the timer 0 compare register (TMOOC) to the bigger 
value than the cycle of fs/2 / “L” period of measured 
pulse width. 

At that time, the timer 0 binary counter (TMOBC) is 
initialized to 0x00. 


(6) Set the interrupt level by the IRQOLV1 to 0 flag of the 
external interrupt 0 control register (IRQOICR). If the 
interrupt request flag is already set, clear all interrupt 
request flags. 

[Chapter 3. 3.1.4 Interrupt Flag Setup] 


(7) Set the REDGO flag of the IRQOICR register to “1” to 
specify the interrupt valid edge to the rising edge. 


(8) Set the IRQOIE flag of the IRQOICR register to “1” to 
enable the interrupt. 


(9) Set the TMOEN flag of the TMOMD register to “1” to 
enable the timer 0 operation. 
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¢ TMOBC starts to count up with negative edge of the external interrupt 0 IRQO) input as a trigger. Timer 0 
continues to count up during “L” period of IRQO input, then stop the counting with positive edge of IRQO 
input as a trigger. At the same time, reading the value of TMOBC by interrupt handling can detects “L” 
period. 





be wrong at the count stop. To prevent this, use the clock source that is synchronized with 


< When using TMnlO input or fx as the count clock source, the value of the binary counter may 
*  fosc or fx. 
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5.10 Cascade Connection 


5.10.1 Operation 





Cascading timers 0 and 1, or timers 2 and 3 forms a 16-bit timer. 
M@ 8-bit Timer Cascade Connection Operation (Timer 0+1, Timer 2+3) 


Timer 0 and timer 1, or timer 2 and timer 3 are combined to be a 16-bit timer. Cascading timer is operated at the 
clock source of timer 0 or timer 2 which are lower 8 bits. 


Table:5.10.1 Timer Functions at Cascade Connection 





























Timer 0+Timer1 Timer 2+Timer 3 
(16-bit) (16-bit) 
Interrupt source TM1IRQ TM3IRQ 
Timer operation O O 
Event count O O 
TMOIO input TM2IO input 
PWM output : * 
Clock source fosc fosc 
fosc/4 fosc/4 
fosc/16 fosc/16 
fosc/32 fosc/32 
fosc/64 fosc/64 
fs/2 fs/2 
fs/4 fs/4 
fx fx 
TMOIO input TM2IO input 
fosc:Machine clock (High frequency oscillation) 
fx:Machine clock (Low frequency oscillation) 
fs:System clock [Chapter 2. 2.5 Clock Switching] 











¢ At cascade connection, the binary counter and the compare register are operated as a 16-bit register. At oper- 
ation, set the TMnEN flag of the upper and lower 8-bit timers to “1” to be operated. 


Also, select the clock source by the lower 8-bit timer. 


Other setup and count timing is the same to the 8-bit timer at independently operation. 
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When timer 0 and timer 1 are used in cascade connection, timer 1 is used as an interrupt 
request flag. Timer pulse output of timer 0 is “L” fixed output. 


An interrupt request of timer 0 is not generated, but the timer 0 interrupt should be disabled. 








When timer 2 and timer 3 are used in cascade connection, timer 3 is used as an interrupt 
request flag. Timer pulse output of timer 2 is “L” fixed output. 


An interrupt request of timer 2 is not generated, but the timer 2 interrupt should be disabled. 








At cascade connection, when the clear of the binary counter is needed by rewriting the com- 
pare register, set the TMnEM flag of both the upper 8-bit timer and the lower 8-bit timer to “O” 


to stop counting. 








out if it changes from lower 8 bit of upper 8 bit as it is treated as 8-bits of data in LSI internally. 


< To read out the binary counter during the timer operation, the correct value may not be read 
* Stop the timer and read out to get the correct value. 
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5.10.2 Setup Example 


M Cascade Connection Timer Setup Example (Timer 0 + Timer 1) 


Setting example of timer function that an interrupt is constantly generated by cascade connection of the timer 0 
and the timer 1, as a 16-bit timer is shown. An interrupt is generated 2500 times every | ms by selecting source 


clock fs/2 (fs=5 MHz at operation). 


An example setup procedure, with a description of each step is shown below. 





Setup Procedure 


Description 





(1) Stop the counter 
TMOMD(0x03F54) 
bp3 :TMOEN =0 
TM1MD(0x03F55) 
bp3 :TM1EN =0 


(2) Select the normal lower timer operation 
TMOMD(0x03F54) 
bp4 :TMOPWM =0 
bp5 :TMOMOD =0 


(3) Set the cascade connection 
TM1MD(0x03F55) 
bp4 :TM1CAS =1 


(4) Select the count clock source 
TMOMD(0x03F54) 
bp2-0 :TMOCK2-0 =X01 


(5) Select and enable the prescaler output 
CKOMD(0x03F56) 
bp2-1 :TMOPSC1-0 =X0 
bpO :TMOBAS =1 


(6) Set the interrupt generation cycle 
TMnOC(0x03F52,0x03F53) =0x09C3 


(7) Disable the lower timer interrupt 
TMOICR(0x03FE7) 
bp1 :TMOIE =0 


(8) Set the level of the upper timer interrupt 
TM1ICR(0x03FE8) 
bp7-6 :TM1LV1-0 =10 








(1) Set the TMOEN flag of the timer 0 mode register 
(TMOMD) to “0”, the TM1EN flag of the timer 1 mode 
register to “O” to stop the timer 0 and the timer 1 
counting. 


(2) Set the TMOPWM flag and the TMOMOD flag of the 
TMOMD register to “O” to select the normal timer 0 
operation. 


(3) Set the TM1CAS flag of the TM1MD register to “0” to 
connect the timer 1 and the timer 0 to the cascade. 


(4) Select the prescaler to the clock source by the TMOCK2 
to 0 flag of the TMOMD register. 


(5) Select fs/2 to the prescaler output by the TMOPSC1 to 0 
flag and the TMOBAS flag of the timer 0 prescaler 
selection register (CKOMD). 


(6) Set the timer 1 compare register + timer 0 compare 
register (TM10C + TMOOC) to the interrupt generation 
cycle (0x09C3:2500 cycles -1). 

At that time, timer 1 binary counter + timer 0 binary 
counter (TM1BC + TMOBC) are initialized to Ox000. 


(7) Set the TMOIE flag of the timer 0 interrupt control 
register (TMOICR) to “0” to disable the interrupt. 


(8) Set the interrupt level by the TM1LV1 to 0 flag of the 
timer 1 interrupt control register (TM1ICR). 
If any interrupt request flag may be already set, clear all 
request flags. 
[Chapter 3. 3.1.4 Interrupt Flag Setup] 
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Setup Procedure 


Description 








(9) Enable the upper timer interrupt 
TM1ICR(0Ox03FE8) 
bp1 :TM1IE =1 


(10) Start the upper timer operation 
TM1MD(0x03F55) 
bp3 :TM1EN =1 


(11) Start the lower timer operation 
TMOMD(0x03F54) 
bp3 :TMOEN =1 





(9) Set the TM1IE flag of the TM1ICR register to “1” to 
enable the interrupt. 


(10) Set the TM1EN flag of the TM1MD register to “1” to 
operate the timer 1. 


(11) Set the TMOEN flag of the TMOMD register to “1” to 
operate the timer 0. 








¢ TMIBC + TMOBC counts up from 0x0000 as a 16-bit timer. 


When TMIBC + TMOBC reaches the set value of TM1BC + TMOBC register, the timer | interrupt request 


flag is set at the next count clock, and the value of TM1BC + TMOBC becomes 0x0000 and restarts count up. 





Use a 16-bit access instruction to set the (TM1OC + TMOOC) register. 








Start the upper timer operation before the lower timer operation. 
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Chapter 6 
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6.1 Overview 





This LSI contains two general-purpose 16-bit timers (Timer 7, Timer 8). The 16-bit timer has compare register 

with double buffer. Timer 7 (High precision 16-bit timer) contains 2 sets of compare registers with double buffer- 
ing and 2 sets of independent interrupt functions such as Timer 7 interrupt and Timer 7 compare register 2-match 
interrupt. Timer 8 (High precision 16-bit timer) contains 2 sets of compare registers with double buffering and 2 
sets of independent interrupt functions such as Timer 8 interrupt and Timer 8 compare register 2-match interrupt. 


6.1.1 Functions 
sees | _—————————————————————————————————————————————————————————————————————————eeeee—— 


Table:6.1.1 shows the functions of each timer. 


Table:6.1.1 16-bit Timer functions 





Timer 7 
(High precision 16-bit timer) 


Timer 8 
(High precision 16-bit timer) 











Timer pulse output 


O TM7IO output / TM7O output 


Input source TM7IRQ TM8IRQ 
T70C2IRQ T8OC2IRQ 

Timer operation O O 

Event count O TM7IO input OTMSIO input 


O TMS8IO output / TM8O output 





PWM output (duty is changeable) 


O TM7IO output / TM7O output 


O TMS8IO output / TM8O output 





High precision PWM output (duty/ 
cycle are changeable) 


O TM7IO output / TM7O output 


O TMS8IO output / TM8O output 




















Timer operation, Event count, PWM 
output, High precision PWM output, 
Capture function 








IGBT output (duty is changeable) O TM7IO output / TM7O output, x 
TM8IO output / TM8O output 

High precision IGBT output (duty/ O TM7IO output / TM7O output, x 

cycle are changeable) TM8IO output / TM8O output 

Capture function O O 

Pulse width measurement O O 

32-bit cascade connection O 
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Clock source 





fosc 

fosc/2 

fosc/4 

fosc/16 

fs 

fs/2 

fs/4 

fs/16 

TM7IO input 

TM7IO input/2 

TM7IO input/4 

TM7IO input/16 
synchronous TM7IO input 
synchronous TM7IO input/2 
synchronous TM7IO input/4 
synchronous TM7IO input/16 





fosc 

fosc/2 

fosc/4 

fosc/16 

fs 

fs/2 

fs/4 

fs/16 

TMS8IO input 

TMB8IO input/2 

TMB8lO input/4 

TMB8IO input/16 
synchronous TM8IO input 
synchronous TMB8IO input/2 
synchronous TM8IO input/4 
synchronous TMB8IO input/16 








fosc:Machine clock (High frequency oscillation) 
fs:System clock [Chapter 2. 2.5 Clock Switching] 
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Block Diagram 


6.1.2 


m@ Timer 7 Block Diagram 
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m@ Timer 8 Block Diagram 
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6.2 Control Registers 


Timer 7 contains the binary counter (TM7BC), the compare register 1 (TM7OC1) with its double buffer preset 
register | (TM7PR1), the compare register 2 (TM70C2) with its double buffer preset register 2 (TM7PR2), the 
capture register (TM7IC), the dead time preset register | (TM7DPR1) and the dead time preset register 2 
(TM7DPR2). Timer 7 is controlled by the mode register | (TM7MD1), the mode register 2 (TM7MD2), the 
mode register 3 (TM7MD3), and the mode register 4 (TM7MD4). Timer 8 contains the binary counter (TM8BC), 
the compare register | (TM80C1) with its double buffer preset register 1 (TM8PR1), the compare register 2 
(TM8OC2) with its double buffer preset register 2 (TM8PR2) and the capture register (TM8IC). Timer 8 is con- 
trolled by the mode register 1 (TM8MD1), the mode register 2 (TM8MD2), the mode register 3 (TM8MD3) and 
and the mode register 4 (TM8MD4). 
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6.2.1 Registers 


Table:6.2.1 shows the registers that control timer 7. 


Table:6.2.1 16-bit Timer Control Registers (1/2) 
Register Address Function 


Timer 7 TM7BCL 0x03F70 Timer 7 binary counter (lower 8 bits) 
TM7BCH 0x03F71 Timer 7 binary counter (upper 8 bits) 
TM7OC1L | Ox03F72 Timer 7 compare register 1 (lower 8 bits) 
TM70C1H | 0x03F73 Timer 7 compare register 1 (upper 8 bits) 
TM7PRI1L 0x03F74 Timer 7 preset register 1 (lower 8 bits) 
TM7PR1H _ | 0x03F75 Timer 7 preset register 1 (upper 8 bits) 
TM7ICL 0x03F76 Timer 7 capture register 1 (lower 8 bits) 
TM7ICH 0x03F77 Timer 7 capture register 1 (upper 8 bits) 
TM7MD1 0x03F78 Timer 7 mode register 1 

TM7MD2 0x03F79 Timer 7 mode register 2 

TM70C2L | Ox03F7A Timer 7 compare register 2 (lower 8 bits) 
TM70C2H | 0x03F7B Timer 7 compare register 2 (upper 8 bits) 
TM7PR2L 0x03F7C Timer 7 preset register 2 (lower 8 bits) 
TM7PR2H | 0x03F7D Timer 7 preset register 2 (upper 8 bits) 
TM7MD3 Ox03F8E Timer 7 mode register 3 

TM7MD4 Ox03F6E Timer 7 mode register 4 

TM7ICR 0x03FED Timer 7 interrupt control register 












































T7OC2ICR_ | Ox03FEE Timer 7 compare register 2 match interrupt control 
register 





P1OMD Ox03FIC Port 1 output mode register 
PiDIR 0x03F31 Port 1 direction control register 
P50MD 0x03F2C Port 5 output mode register 
P5DIR 0x03F35 Port 5 direction control register 
TM7DPR1 0Ox03F7E Dead time preset register 1 
TM7DPR2_ | Ox03F7F Dead time preset register 2 
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Table:6.2.2 shows the registers that control timer 8. 


Table:6.2.2 16-bit Timer Control Registers (2/2) 


Register 


Timer 8 TM8BCL 


Address 


0x03F80 


Function 


Timer 8 binary counter (lower 8 bits) 





TM8BCH 


0x03F81 


Timer 8 binary counter (upper 8 bits) 





TM80C1L 


O0x03F82 


Timer 8 compare register 1 (lower 8 bits) 





TM80C1H 


0x03F83 


Timer 8 compare register 1 (upper 8 bits) 





TM8PRIL 


0x03F84 


Timer 8 preset register 1 (lower 8 bits) 





TM8PR1H 


0x03F85 


Timer 8 preset register 1 (upper 8 bits) 





TM8ICL 


0x03F86 


Timer 8 capture register 1 (lower 8 bits) 





TM8ICH 


0x03F87 


Timer 8 capture register 1 (upper 8 bits) 





TM8MD1 


0x03F88 


Timer 8 mode register 1 





TM8MD2 


0x03F89 


Timer 8 mode register 2 





TM80C2L 


Ox03F8A 


Timer 8 compare register 2 (lower 8 bits) 





TM80C2H 


0x03F8B 


Timer 8 compare register 2 (upper 8 bits) 





TM8PR2L 


Ox03F8C 


Timer 8 preset register 2 (lower 8 bits) 





TM8PR2H 


0x03F8D 


Timer 8 preset register 2 (upper 8 bits) 





TM8MD3 


Ox03F8F 


Timer 8 mode register 3 





TM8MD4 


Ox03F6F 


Timer 8 mode register 4 





TM8ICR 


Ox03FF6 


Timer 8 interrupt control register 





T80C2ICR 


Ox03FF7 


Timer 8 compare register 2 match interrupt control 
register 





P1OMD 


0x03F1C 


Port 1 output mode register 





P1DIR 


0x03F31 


Port 1 direction control register 





P50MD 


0x03F2C 


Port 5 output mode register 





P5DIR 
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0x03F35 








Port 5 direction control register 
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Timer 7 has a set of 16-bit programmable timer registers, which contains a compare register, a preset register, a 
binary counter and a capture register. Each register has 2 sets of 8-bit register. Operate these registers by 16-bit 


access. 


A compare register is a 16-bit register which stores comparative value of the compare register and the binary 


counter. 


m@ Timer 7 Compare Register 1 (TM70C1) 
Table:6.2.3 Timer 7 Compare Register 1 Lower 8 bits (TM7OC1L:0x03F 72) 


7 


6 


5 


4 


3 


2 


1 





TM70C1L 
7 


TM70C1L 
6 


TM70C1L 
5 


TM70C1L 
4 


TM70C1L 
3 


TM70C1L 
2 


TM70C1L 
{ 





X 





X 





X 





X 





X 





X 





Xx 











R 


7 


6 


5 


4 


3 


2 


1 


0 





At reset 


TM70C1 
H7 





TM70C1 
H6 





TM70C1 
H5 





TM70C1 
H4 





TM70C1 
H3 





TM70C1 
H2 





TM70C1 
H1 





TM70C1 
HO 





Access 





m@ Timer 7 Compare Register 2 Lower 8 bits (TM7O0C2) 
Table:6.2.5 Timer 7 Compare Register 2 Lower 8 bits (TM7OCS2L:0x03F7A) 


7 


6 


5 


4 


3 


2 





i 





TM70C2L 
7 


TM70C2L 
6 


TM70C2L 
5 


TM70C2L 
4 


TM70C2L 
3 


TM70C2L 
2 


TM70C2L 
{ 





X 





X 





X 





X 





X 





Xx 





Xx 











R 


7 


6 


5 


4 


3 


2 


1 


0 





TM70C2 
H7 


TM70C2 
H6 


TM70C2 
H5 


TM70C2 
H4 


TM70C2 
H3 


TM70C2 
H2 


TM70C2 
H1 


TM70C2 
HO 





X 





X 





X 





X 





X 





X 





Xx 





X 








R 
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Timer 7 preset register 1 and 2 are buffer registers of the compare registers |, 2 of timer 7. If the set value is writ- 
ten to the timer 7 preset registers 1, 2 when the counting is stopped, the same set value is loaded to the timer 7 
compare register. If set value is written to the timer 7 preset registers 1, 2 during counting, the set value of the 
timer 7 preset registers 1, 2 is loaded to the timer 7 compare registers 1, 2 at the timing that the timer 7 binary 
counter is cleared. Also, If the set value is written to the timer 7 preset register 1 and 2 during IGBT operation, the 
set value of the timer 7 preset register is loaded to the timer 7 compare register at the timing that the IGBT is dis- 


abled. 


m@ Timer 7 Preset Register 1 (TM7PR1) 
Table:6.2.7 Timer 7 Preset Register 1 Lower 8 bits (TM7PR1L:0x03F74) 



































bp 7 6 5 4 3 2 1 0 

Flag TM7PRIL | TM7PR1iL | TM7PR1iL | TM7PR1L | TM7PRiL | TM7PRiL | TM7PR1iL | TM7PRiL 
7 6 5 4 3 2 1 0 

At reset X xX X X X X X X 

Access R/W 





Table:6.2.8 Timer 7 Preset Register 1 Upper 8 bits (TM7PR1H:0x03F75) 


7 


6 


5 


4 


3 


2 


Fi 


0 





TM7PR1 
H7 


TM7PR1 
H6 


TM7PR1 
H5 


TM7PR1 
H4 


TM7PR1 
H3 


TM7PR1 
H2 


TM7PR1H 
{ 


TM7PR1 
HO 





X 





X 





X 





X 





X 





X 





X 





X 








m@ Timer 7 Preset Register 2 (TM7PR2) 
Table:6.2.9 Timer 7 Preset Register 2 Lower 8 bits (TM7PR2L:0x03F7C) 


7 


6 


5 


4 


3 


2 





1 


0 





TM7PR2L 
7 


TM7PR2L 
6 


TM7PR2L 
5 


TM7PR2L 
4 


TM7PR2L 
3 


TM7PR2L 
2 


TM7PR2L 
{ 


TM7PR2L 
0 





X 





X 





X 





X 





X 





Xx 





X 





X 








7 


6 


5 


4 


3 


2 


i 


0 





TM7PR2 
H7 


TM7PR2 
H6 


TM7PR2 
H5 


TM7PR2 
H4 


TM7PR2 
H3 


TM7PR2 
H2 


TM7PR2H 
{ 


TM7PR2 
HO 





X 





X 





X 





X 





X 





Xx 





X 





X 
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Binary counter is a 16-bit up counter. If any data is written to a preset register when the counting is stopped, the 
binary counter is cleared to 0x0000. At IGBT setting, when IGBT operation is stopped, the binary counter is 
cleared to 0x0000. Also, by setting the register, the binary counter is cleared to 0x0000 at capture. 


@ Timer 7 Binary Counter (TM7BC) 


Table:6.2.11 Timer 7 Binary Counter Lower 8 bits (TM7BCL:0x03F70) 


7 


6 


5 


4 


3 


2 


1 


0 





TM7BCL7 


TM7BCL6 


TM7BCL5 


TM7BCL4 


TM7BCL3 


TM7BCL2 


TM7BCL1 


TM7BCLO 





X 





X 





X 





X 





X 





X 





Xx 





X 








R 


7 


6 


5 


4 


3 


2 


1 


0 





TM7BCH 
7 


TM7BCH 
6 


TM7BCH 
5 


TM7BCH 
4 


TM7BCH 
3 


TM7BCH 
2 


TM7BCH1 


TM7BCH 
0 





X 





X 





X 





X 





X 





Xx 








X 








R 





Input capture register is a register that holds the value loaded from a binary counter by a capture trigger. A cap- 
ture trigger is generated by an input signal from an external interrupt pin, the timer 0 interrupt, the timer | inter- 
rupt and when an arbitrary value is written to an input capture register (Directly writing to the register by program 


is disabled.). 


@ Timer 7 Input Capture Register (TM7IC) 


Table:6.2.13 Timer 7 Input Capture Register Lower 8 bits (TM7ICL;0x03F76) 



































bp 7 6 5 4 3 2 1 0 

Flag TM7ICL7 | TM7ICL6 | TM7ICL5 | TM7ICL4 | TM7ICL3 | TM7ICL2 | TM7ICL1 | TM7ICLO 
At reset X xX xX X xX X X X 
Access R 





Table:6.2.14 Timer 7 Input Capture Register Upper 8 bits (TM7ICH;0x03F77) 


7 


6 


5 


4 


3 


2 


1 


0 





TM7ICH7 


TM7ICH6 


TM7ICH5 


TM7ICH4 


TM7ICH3 


TM7ICH2 


TM7ICH1 


TM7ICH 
0 





X 





X 





X 





X 





X 





X 





X 





X 








R 
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m@ Timer 7 Dead Time Preset Register 1 (TM7DPR1) 


Table:6.2.15 Timer 7 Dead Time Preset Register 1 (TM7DPR1:0x03F7E) 


7 


6 


5 


4 


3 


2 


1 


0 





TM7DPR 
17 


TM7DPR 
16 


TM7DPR 
15 


TM7DPR 
14 


TM7DPR 
13 


TM7DPR 
12 


TM7DPR1 
{ 


TM7DPR 
10 





X 





X 





X 





X 





X 





Xx 





X 





X 








m@ Timer 7 Dead Time Preset Register 2 (TM7DPR2) 


Table:6.2.16 Timer 7 Dead Time Preset Register 2 (TM7DPR2:0x03F7F) 


7 


6 


5 


4 


3 


2 


1 





0 





TM7IDPR 
27 


TM7IDPR 
26 


TM7IDPR 
25 


TM7IDPR 
24 


TM7IDPR 
23 


TM7IDPR 
22 


TM7IDPR 
21 


TM7IDPR 
20 





X 





X 





X 





X 





X 





X 





X 





X 
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Timer 8 has a set of 16-bit programmable timer registers, which contains a compare register, a preset register, a 
binary counter and a capture register. Each register has 2 sets of 8-bit register. Operate these registers by 16-bit 


access. 


A compare register is a 16-bit register which stores comparative value of the compare register and the binary 


counter. 


m@ Timer 8 Compare register 1 (TM80C1) 
Table:6.2.17 Timer 8 Compare register 1 Lower 8 bits (TM8OC1L:0x03F82) 


7 


6 


5 


4 


3 


2 


1 





TM80C1L 
7 


TM80C1L 
6 


TM80C1L 
5 


TM80C1L 
4 


TM80C1L 
3 


TM80C1L 
2 


TM80C1L 
{ 





X 





X 





X 





X 





X 





X 





Xx 











R 


7 


6 


5 


4 


3 


2 


1 


0 





TM80C1 
H7 


TM80C1 
H6 


TM80C1 
H5 


TM80C1 
H4 


TM80C1 
H3 


TM80C1 
H2 


TM80C1 
H1 


TM80C1 
HO 





X 





X 





X 





X 





X 





Xx 





Xx 





X 








R 


m@ Timer 8 Compare Register 2 (TM8OC2) 
Table:6.2.19 Timer 8 Compare Register 2 Lower 8bits (TM8OC2L:0x03F8A) 


7 


6 


5 


4 


3 


2 





1 





TM80C2L 
7 


TM80C2L 
6 


TM80C2L 
5 


TM80C2L 
4 


TM80C2L 
3 


TM80C2L 
2 


TM80C2L 
{ 





X 





X 





X 





X 





X 





X 





X 











R 


Timer 8 Compare Register 2 Upper 8bits (TM80C2H:0x03F8B) 


7 


6 


5 


4 


3 


2 





i 


0 





TM70C2 
H7 


TM70C2 
H6 


TM70C2 
H5 


TM70C2 
H4 


TM70C2 
H3 


TM70C2 
H2 


TM70C2 
H1 


TM70C2 
HO 





X 





X 





X 





X 





X 





Xx 





X 





X 








R 
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Timer 8 preset register | and 2 are buffer registers of the compare registers 1, 2 of timer 8. If the set value is writ- 
ten to the timer 8 preset registers 1, 2 when the counting is stopped, the same set value is loaded to the timer 7 
compare register. If set value is written to the timer 8 preset registers 1, 2 during counting, the set value of the 
timer 8 preset registers 1, 2 is loaded to the timer 8 compare registers 1, 2 at the timing that the timer 8 binary 
counter is cleared. 


m@ Timer 8 Preset Register 1 (TM8PR1) 






































Table:6.2.21 Timer 8 Preset Register 1 Lower 8 bits (TM8PR1L:0x03F84) 

bp 7 6 5 4 3 2 1 0 

Flag TM8PRiL | TM8PRiL | TM8PR1L | TM8PR1L | TM8PRiL | TM8PRiL | TM8PR1L | TM8PRiL 
7 6 5 4 3 2 1 0 

At reset xX xX xX X xX X X X 

Access R/W 

Table:6.2.22 Timer 8 Preset Register 1 Upper 8 bits (TM8PR1H:0x03F85) 


7 


6 


5 


4 


3 


2 


1 


0 





TM8PR1 
H7 


TM8PR1 
H6 


TM8PR1 
H5 


TM8PR1 
H4 


TM8PR1 
H3 


TM8PR1 
H2 


TM8PR1H 
{ 


TM8PR1 
HO 





X 





X 





X 





X 





X 





X 





X 





X 








Mm Timer 8 Preset Register 2 (TM8PR2) 


Table:6.2.23 Timer 8 Preset Register 2 Lower 8 bits (TM8PR2L:0x03F8C) 


7 


6 


5 


4 


3 


2 





i 


0 





TM8PR2L 
7 


TM8PR2L 
6 


TM8PR2L 
5 


TM8PR2L 
4 


TM8PR2L 
3 


TM8PR2L 
2 


TM8PR2L 
{ 


TM8PR2L 
0 





X 





X 





X 





X 





X 





Xx 





X 





X 








7 


6 


5 


4 


3 


2 


i 


0 





TM8PR2 
H7 


TM8PR2 
H6 


TM8PR2 
H5 


TM8PR2 
H4 


TM8PR2 
H3 


TM8PR2 
H2 


TM8PR2H 
{ 


TM8PR2 
HO 





X 





X 





X 





X 





X 





Xx 





X 





X 
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Binary counter is a 16-bit up counter. If any data is written to a preset register when the counting is stopped, the 
binary counter is cleared to 0x0000. During the timer counting, the binary counter is cleared to 0x0000 at capture 
by setting the register. 


@ Timer 8 Binary Counter (TM8BC) 


Table:6.2.25 Timer 8 Binary Counter Lower 8 bits (TM8BCL:0x03F80) 
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Input capture register is a register that holds the value loaded from a binary counter by a capture trigger. A cap- 
ture trigger is generated by an input signal from an external interrupt pin, the timer 0 interrupt, the timer | inter- 
rupt and when an arbitrary value is written to an input capture register (Directly writing to the register by program 


is disabled.). 


@ Timer 8 Input Capture Register (TM8IC) 
Table:6.2.27 Timer 8 Input Capture Register Lower 8 bits (TM8ICL:0x03F86) 



































bp 7 6 5 4 3 2 1 0 

Flag TMB8ICL7 | TM8ICL6 | TM8ICL5 | TM8ICL4 | TM8ICL3 | TM8ICL2 | TM8ICL1 | TM8ICLO 
At reset xX X X X X X X X 
Access R 





Table:6.2.28 Timer 8 Input Capture Register Upper 8 bits (TM8ICH:0x03F87) 
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6.2.3 


Timer Mode Registers 


This is a readable/writable register that controls timer 7. 
mM Timer 7 Mode Register 1(TM7MD1) 
Table:6.2.29 Timer 7 Mode Register 1(TM7MD1:0x03F78) 
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3 2 1 0 





At reset 


Reserved 
1 





T7ICEDG 


TM7PS1 | TM7PSO_ | TM7CK1_ | TM7CKO 























Access 





Reserved 


Description 


Set always “O”. 





T7ICEDG1 


Capture trigger edge selection 
0:Falling edge 
1:Rising edge 





Timer output reset signal 
0:Operate timer output 
1:Disable timer output 


Timer 7 count control 
O:Halt the count 
1:Operate the count 





TM7PS1 
TM7PSO 


Count clock selection 
00:1/1 of clock 
01:1/2 of clock 
10:1/4 of clock 
11:1/16 of clock 





TM7CK1 
TM7CKO 





Control Registers 





Clock source selection 
00:fosc 

01:fs 

10:TM7IO input 
11:Synchronous TM7IO input 
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mM Timer 7 Mode Register 2 (TM7MD2) 
Table:6.2.30 Timer 7 Mode Register 2 (TM7MD2:0x03F 79) 


7 6 5 4 3 2 1 0 
T7ICEDG | T7PWMS | TM7BCR_ | TM7PWM | TM7IRS1 | T7ICEN T7ICT1 T7ICTO 
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T7ICEDGO 


Description 


Capture trigger edge selection 
0:Select the both edges 
1:Select the specified edge 





T7PWMSL 


PWM mode selection 
0:Set duty by OC1 
1:Set duty by OC2 





TM7BCR 


Timer 7 count clear factor selection 
0:Full count OVF 
1:Match of BC and OC1 





TM7PWM 


Timer output waveform selection 
0:Output timer 
1:Output PWM 





TM7IRS1 


Timer 7 interrupt factor selection 
0:Counter clear 
1:Match of BC and OC1 





T7ICEN 


Input capture operation enable flag 
0:Disable capture operation 
1:Enable capture operation 








T7ICT1 
T7ICTO 





Capture trigger selection 
00:External interrupt 0 input signal 
01:External interrupt 1 input signal 
10:External interrupt 2 input signal 
11:Disable 
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Mm Timer 7 Mode Register 3 (TM7MD3) 
Table:6.2.31 Timer 7 Mode Register 3 (TM7MD3:0x03F8E) 


7 6 5 4 3 2 1 0 


TM7CKS | Reserved | TM7CKE | T7IGBTT | T7IGBTD | T7IGBTE | T7IGBT1 | T7IGBTO 
MP DG R T N 


0 0 0 0 0 



































Description 


TM7CKSMP | Capture sampling selection 
0:Count clock 
1:fs 





Reserved Set always “O”. 


TM7CKEDG | TM7IO count edge selection 
0:Rising edge 
1:Both edges 


T7IGBTTR | IGBT trigger level selection 
0:H 

1:L 

T7IGBTDT | IGBT dead timer insert timing 


0:Falling edge standard 
1:Rising edge standard 


T7IGBTEN | IGBT operation enable 
0:Disable 
1:Enable 

















T7IGBT1 IGBT/timer startup factor selection 
T7IGBTO 01:External interrupt 0 input signal 
10:Externa interrupt 1 input signal 
11:External interrupt 2 input signal 
00:Timer 7 count operation 














When IGBT is not selected, set as 
| T7IGBTEN=0 


T7IGBT1-0=00 
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mM Timer 7 Mode Register 4 (TM7MD4) 
Table:6.2.32 Timer 7 Mode Register 4 (TM7MD4:0x03F6E) 


4 3 1 0 


T7ONES_ | T7NODE T7ICT2 | T7CAPCL 
HOT D R 


0 0 0 



































Description 





T7ONESHO 
T 


One shot pulse selection 
0:Continuous pulse 
1:One shot pulse 





T7NODED 


Dead time selection 
0:With dead time 
1:Without dead time 








T7ICT2 


Capture trigger selection 
0:Timer 0 interrupt 
1:Timer 1 interrupt 





T7CAPCLR 








BC clearance at capture 
0:Clear 
1:Unclear 








capturing at timer stop. 


< T7CAPCLR flag is effective when timer is operating. The binary counter is uncleared when 
a 
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This is a readable/writable register that controls timer 8. 
m@ Timer 8 Mode Register 1(TM8MD1) 
Table:6.2.33 Timer 8 Mode Register 1(TM8MD1:0x03F88) 
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7 6 


3 2 a 


0 





Reserved 
{ 


T8ICEDG 


TM8PS1 | TM8PSO_ | TM8CK1 


TM8CKO 





0 





























Reserved 


Description 





Set always “0” 





T8ICEDG1 


Capture trigger edge selection 
0:Falling edge 
1:Rising edge 





TM8CL 


Timer output reset signal 
0:Operate timer output 
1:Disable timer output (Reset) 





TM8EN 


Timer 8 count control 
O:Halt the count 
1:Operate the count 





3-2 


TM8PS1 
TM8PSO 


Count clock selection 
00:1/1 of clock 
01:1/2 of clock 
10:1/4 of clock 
11:1/16 of clock 





1-0 


TM8CK1 
TM8CKO 





Control Registers 





Clock source selection 
00:fosc 

01:fs 

10:TM8IO input 
11:Synchronous TM8IO input 
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mM Timer 8 Mode Register 2 (TM8MD2) 
Table:6.2.34 Timer 8 Mode Register 2 (TM8MD2:0x03F89) 


7 6 5 4 3 2 1 0 
T8ICEDG | TM8PWM | TM8BCR | TM8PWM | TM8IRS1 | TM8ICEN | TM8ICT1 | TM8ICTO 





SL 





0 





























T8ICEDGO 


Description 


Capture trigger edge selection 
0:Select the both edges 
1:Select the specified edge 





TM8PWMS 
L 


PWM mode selection 
0:Set duty by OC1 
1:Set duty by OC2 





TM8BCR 


Timer 8 count clear factor selection 
0:Full count OVF 
1:Match of BC and OC1 





TM8PWM 


Timer output waveform selection 
0:Output timer 
1:Output PWM 





TM8IRS1 


Timer 8 interrupt factor selection 
0:Counter clear 
1:Match of BC and OC1 





TM8ICEN 


Input capture operation enable flag 
0:Disable capture operation 
1:Enable capture operation 








TM8ICT 1 
TM8ICTO 





Capture trigger selection 
00:External interrupt 0 input signal 
01:External interrupt 1 input signal 
10:External interrupt 2 input signal 
11:Timer interrupt 
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m@ Timer 8 Mode Register 3 (TM8MD3) 
Table:6.2.35 Timer 8 Mode Register 3 (TM8MD3:0x03F8F) 


VI - 22 
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TM8CKSMP 


Description 


Capture sampling selection 
0:Count clock 
1:fs 











TM8CKEDG 


TMB8IO count edge selection 
0:Falling edge 
1:Both edges 





TM8SEL 


Timer 8 output selection 
0:Timer 8 output 
1:IGBT output 





TM8PWMF 


PWM output selection at timer 8 stopped 
O:L 
1:H 





TM8PWMO 


Timer 8 PWM output polarity selection 
0:Normal turn 
1:Reverse turn 








TM8CAS 


Control Registers 





Cascade selection 
0:Timer 7, Timer 8 independence 
1:Timer 7, Timer 8 cascade 





mM Timer 8 Mode Register 4 (TM8MD4) 
Table:6.2.36 Timer 8 Mode Register 4 (TM8MD4:0x03F6F) 


1 
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0 





T8ICT2 


T8CAPCL 
R 


























0 








Description 


72 : : 








1 T8ICT2 Capture trigger selection 
0:Timer 0 interrupt 
1:Timer 1 interrupt 





0 T8CAPCLR | BC clearance at capture 
0:Cleart 
1:Unclear 











T7CAPCLR flag is effective when timer is operating. The binary counter is uncleared when 
\ capturing at timer stop. 
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6.3 Operation 





6.3.1 Operation 





The timer operation can constantly generate interrupts. 
M@ 16-bit Timer Operation (Timer 7, Timer 8) 


The generation cycle of an timer interrupt is set by the clock source selection and the set value of the compare reg- 
ister 1 (TMnOC1), in advance. When the binary counter (TMnBC) reaches the set value of the compare register 
1, an interrupt is generated at the next count clock. There are 2 sources to be selected to clear the binary counter; 
the TMnOC1 compare match and the full count overflow. After the binary counter is cleared, the counting up is 
restarted from 0x0000. 


Table:6.3.1 16-bit Timer Interrupt Source and Binary Counter Clear Source (Timer 7, Timer 8) 



































TM7MD2 register Interrupt source Binary counter clear source 
TM7IRS1 flag TM7BCR flag 

1 1 TM70C1 compare match TM70C1 compare match 
0 1 TM70C1 compare match TM70C1 compare match 

1 0 TM70C1 compare match Full count overflow 

0 0 Full count overflow Full count overflow 
TM8MD2 register Interrupt source Binary counter clear source 
TMB8IRS1 flag TM8BCR flag 

1 1 TM80C1 compare match TM80C1 compare match 
0 1 TM80C1 compare match TM80C1 compare match 

1 0 TM80C1 compare match Full count overflow 

0 0 Full count overflow Full count overflow 




















Timer n can generate another set of an independent interrupt (timer n compare register 2 match interrupt) by the 
set value of the timer n compare register 2 (TMnOC2). At the time of the interrupt, the binary counter is cleared 
as the above setup. 


The compare register is double buffer type. So, when the value of the preset registers is changed during the count- 
ing, the changed value is stored to the compare register when the binary counter is cleared. This function can 
change the compare register value constantly, without disturbing the cycle during timer operation (Reload func- 
tion). 


Operation 
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units even if it is a 16-bit MOVW instruction. As a result, it will read the data incorrectly if a 
carry from the lower 8 bits to the upper 8 bits occurs during counting operation. 

To read the correct value of the 16-bit counting (TMnBC), use the writing program function to 
the input capture register (TMnIC). By writing to the TMnIC, the counting data of TMnBC can 
be stored to TMnIC to read out the correct counting value during timer operation. 

[Chapter 6.8.1. Operation] 


< When the CPU reads the 16-bit binary counter (TMnBC), the read data is handled in 8-bits 
a 








To count properly, do not switch the count clock on the timer operation. To switch the count 
\ clock, stop the timer operation. 
a 





Table:6.3.2shows the clock source that can be selected. 


Table:6.3.2 Clock Source at Timer Operation (Timer 7, Timer 8) 



































fs=fosc/2=5 MHz 





Clock source 1 count time 
fosc 100 ns 
fosc/2 200 ns 
fosc/4 400 ns 
fosc/16 1.6 us 

fs 200 ns 

fs/2 400 ns 

fs/4 800 ns 
fs/16 1.6 us 
fosc=10 MHz 
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M Count Timing of Timer Operation (Timer 7, Timer 8) 


The binary counter counts up with the selected clock source as the count clock. The basic operation of whole 16- 
bit timer functions is as below. 


Count 
clock 


TM7EN 
flag 


Preset 
register 


Compare 
register 


(A) : : : : (D) 3 : 
Binaty 0000 {0001} oo0e {wt w | oooo\o001Ko002% 0003 
counter 

(A) (B) (E) 
Interrupt 
request flag 


Figure:6.3.1 Count Timing of Timer Operation (Timer 7, Timer 8) 





(A)When a data is written to the preset register while the TMnEN flag is stopped (“0”’), the same value is loaded 
during the writing cycle and the binary counter is cleared to 0x0000. 


(B)When TMhnEN flag is (“1”), the binary counter starts counting. The counting starts at the rising edge of the 
count clock. 


(C)Even if the preset register is rewritten when the TMnEN flag is (“1”), the binary counter is not changed. 


(D)When the binary counter reaches value of compare register 1, the set value of the preset register is loaded to 
the compare register at the next count clock. And the interrupt request flag is set at the next count clock, and the 
binary counter is cleared to 0x0000 to restart counting up. 


(E)When the TMnEN flag is (“0”), the binary counter is stopped. 


When the binary counter reaches the value of the compare register, the interrupt request flag 

is set to the next count clock, and the binary counter is cleared. So, set the compare register 

as: 
(the set value of the compare register) = (the counts till the interrupt generation-1) 











When the timer n compare register 2 match interrupt is generated and TMnOC1 compare 
match is selected as a binary counter clear source, the set value of the compare register 2 


should be smaller than the set value of the compare register. 


On the interrupt service routine, clear the timer interrupt request flag before the timer is 
started. 
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When the binary counter is used as a free-counter that counts 0x0000 to OxFFFF, set 
OxFFFF to the compare register or set the TM7BCR flag of the TM7MD2 register to “O”. 








When the TMnEN flag of the TMnMD register is changed with other bits, the binary counter 
may count up by switching operation. 








< Set up 16-bit timer counter clock should be done when the timer interrupt is disabled. 








bits unit in LSI. So, when the digit is raised from lower 8 bits to upper 8 bits, correct value 
cannot be read out. 
Stop the timer to read out the correct value. 


< When the binary counter is read out on the timer operation, it is regarded as the data by 8 
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6.3.2 Setup Example 


M@ Timer Operation Setup Example 


Timer 7 generates an interrupt constantly for timer function. Fosc/2 (fosc=10 MHz at operation) is selected as a 
clock source to generate an interrupt every 1000 cycles (200 ms). 
An example setup procedure, with a description of each step is shown below. 





Setup Procedure 


Description 





(1) Stop the counter 
TM7MD1(0x03F78) 
bp4:TM7EN =0 


(2) Disable the interrupt 
TM7ICR(0x03FED) 
bp1:TM7IE =0 


(3) Select the timer clear source 
TM7MD2(0x03F79) 
bp5:TM7BCR =1 


(4) Select the count clock source 
TM7MD1 (0x03F78) 
bp1-0:TM7CK1-0 =00 
bp3-2:TM7PS1-0 =01 


(5) Select IGBT/timer startup factor 
TM7MD3(0x03F8E) 
bp1-0:T7IGBT1-0=00 


(6) Set the interrupt generation cycle 
TM7PR1(0x03F75,0x03F74) =Ox03E7 


(7) Set the interrupt level 
TM7ICR(0x03FED) 
bp7-6:TM7LV1-0 =10 


(8) Enable the interrupt 
TM7ICR (Ox03FED) 
bp1:TM7IE =1 


(9) Start the timer operation 
TM7MD1 (0x03F78) 
bp4:TM7EN =1 








(1) Set the TM7EN flag of the timer 7 mode register 1 
(TM7MD) to “O” to stop the timer 7 counting. 


(2) Set the TM7IE flag of the TM7CIR register to “O” to 
disable the interrupt. 


(3) Set the TM7BCR flag of the timer 7 mode register 2 
(TM7MD2) to “1” to select the compare match to the 
binary counter clear source. 


(4) Select fosc to the clock source by the TM7CK‘1 to 0 flag 
of the TM7MD1 register. Besides, select 1/2 fosc to 
the count clock source by the TM7PS1 to 0 flag. 


(5) Set IGBT/timer startup factor to timer 7 count operation. 


(6) Set the interrupt generation cycle to the timer 7 preset 
register 1 (TM7PR1). The cycle is 1000. The set value 
should be 1000-1=999 (0x03E7). At the time, the same 
value is loaded to the timer 7 compare register 1 
(TM70C1), and the timer 7 binary counter (TM7BC) is 
initialized to Ox0000. 


(7) Set the interrupt level by the TM7LV1 to 0 flag of the 
timer 7 interrupt control register (TM7ICR). If the 
interrupt request flag is already set, clear the request 
flag. 

[Chapter 3 3.1.4. Interrupt Flag Setup] 


(8) Set the TM7IC flag of the TM7ICR register to “1” to 
enable the interrupt. 


(9) Set the TM7EN flag of the TM7MD1 register to “1” to 
operate the timer 7. 








TM7BC counts up from 0x0000. When TM7BC reaches the set value of the TM7OC1 register, the timer 7 inter- 
rupt request flag is set at the next count clock and the TM7BC becomes 0x0000 and counts up again. 
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6.4 16-bit Event Count 


6.4.1 Operation 





Event count operation has 2 types; TMnIO input and synchronous TMnlIO input. These can be selected as the 
count clock. Each type can select 1/1, 1/2, 1/4, or 1/16 as a count clock source. Also, it is possible to select the 
count edge. (the falling edge and the both edge at the normal operation are selectable) 


M 16-bit Event Count Operation (Timer 7, Timer 8) 


The binary counter (TMnBC) counts the external signal input to the TMnIO pin. If the binary counter reaches the 
set value of the compare register (TMnOC), an interrupt can be generated at the next count clock. 


Table:6.4.1 





Timer 7 Timer 8 





Event input TM7IO input (P13) TMB8IO input (P12) 





Synchronous TM7IO Synchronous TM8IO 
input input 

















@ Count Timing of TMnIO Input 


When TMnlO input is selected, TMnIO input signal is input to the timer n count clock. The binary counter counts 
up at the falling edge of the TMnIO input signal or TMnIO input signal that passed the divider. 


TM7IO 
input 


TM7EN 
flag 





Compare 
register 1 


Binary 0000 0001 0002} -- - {nifon | 0000} 0001 
counter 

Interrupt 

request flag 


Figure:6.4.1 Count Timing TMnlO Input (Timer 7, Timer 8) 
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If the binary counter is read out during operation, incorrect data at counting up may be read. 
Also, the binary counter may have unexpected value at the timer stopped. To prevent this, 
use the event count by the synchronous TMnIO input, which is shown in the following page. 








q 


When using TMnlO input, after selecting fs as the count clock first, then set each mode regis- 
ter and preset register. After that, operate the timer on selecting TMnIO input. Do not write 
any data to the preset register on the operation. Only TMnlO input can recover from STOP 
mode in 16-bit timer. 








q 


When using the event input (TMnIO input), clear the binary counter before starting the timer 
operation. Also, when setting 0x0000 to the compare register, use the event count by TMnlO 
input which is shown below. 








a 


When the event input (TMnIO input) is selected as the count clock source, even if the set 
value is written to the preset register at the timer stop, the same set value may not be loaded 
to the compare register. To prevent this, select the system clock (fx) for the count clock 
source once, write the set value to the preset register, then select the event input (TMnIO) as 
the clock source to start the timer operation. 








(ma \ 


The binary counter should not be read out after the timer operation is stopped when setting 
the event input (TMnIO input) as the count clock source as the binary counter may reach to 
an unexpected value. 
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M@ Count Timing of Synchronous TMnilO Input (Timer 7, Timer 8) 


If the synchronous TMnIO input is selected, the synchronizing circuit output signal is input to the timer n count 
clock. The synchronizing circuit output signal is changed at the falling edge of the system clock after the TMnIO 
input signal is changed. The binary counter counts up at the falling edge of the synchronizing circuit output signal 
or the synchronizing circuit output signal that passed through the division circuit. 


TMnlO 

input 

System 

clock (fs) 
Synchronous circuit 
output (count clock) 


TMnEN 
flag 














Compare N 
register 1 : : 


Binary 0000 0001 0002 or 0000 
counter 

Interrupt 

request flag 


Figure:6.4.2 Count Timing of Synchronous TMnlO Input (Timer 7, Timer 8) 











The timer n binary counter counts up the binary counter at the signal in synchronization with 
the system clock so that correct value is read out from the timer n binary counter. 
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M@ Count Timing of TMnIO Input (Both edges selected) 


When TMnlO input is selected, TMnIO input signal is input to the timer n count clock. The binary counter counts 
up at the falling edge of the TMnIO input signal or TMnIO input signal that passed the divider. 


TMnlO 
input 
Count clock | | | | | | | | | 


TMnEN 
flag 






Compare 
register1 





0000 0001 (6002) 0003 (v-r\/ w Yocee 0000 0001 
Interrupt 
request flag 


Figure:6.4.3 Count Timing TMnlO Input (Timer 7, Timer 8) 





oscillation). Input from TMnlO should be done the waveform which has more than 2 times 
cycle than fosc (when duty ratio is 50%). If the waveform which has less cycle is input, it may 
not be counted correctly. 


< When both edges are selected, they are counted only at the normal operation (high-speed 





16-bit Event Count 


6.4.2 Setup Example 


M Event Count Setup Example 


When the falling edge of the TM7IO input pin signal is detected 5 times using timer 7, an interrupt is generated. 
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An example setup procedure, with a description of each step is shown below. 





Setup Procedure 


Description 





(1) Stop the counter 
TM7MD1 (0x03F78) 
bp4:TM7EN =0 


(2) Disable the interrupt 
TM7ICR(0x03FED) 
bp1:TM7IE =0 


(3) Set the special function pin to input 
P1DIR (0x03F31) 
bp3:P1DIR3 =0 


(4) Select the count clock source 
TM7MD1(0x03F78) 
bp1-0:TM7CK1-0 =01 
bp3-2:TM7PS1-0 =00 


(5) Select IGBT/timer startup factor 
TM7MD3(0x03F8E) 
bp1-0:T7IGBT1-0=00 


(6) Set the interrupt generation cycle 
TM7PR1(0x03F75,0x03F74) =0x0004 


(7) Select the timer clear source 
TM7MD2 (0x03F79) 
bp5:TM7BCR =1 


(8) Select the count clock source 
TM7MD1 (0x03F78) 
bp1-0:TM7CK1-0 =10 
bp3-2:TM7PS1-0 =00 


(9) Set the interrupt level 
TM7ICR (0x03FED) 
bp7-6:TM7LV1-0 =10 








(1) Set the TM7EN flag of the timer 7 mode register 1 
(TM7MD1) to “O” to stop the timer 7 counting. 


(2) Set the TM7IE flag of the TM7ICR register to “O “to 
disable the interrupt. 


(3) Set the P1DIR3 flag of the port 1 direction control 
register (P1DIR) to “O” to set P13 pin to the input mode. 
Add pull-up/pull-down resistor, if necessary. 

[Chapter 4 1/O ports] 


(4) Select fs to the clock source by the TM7CK1 to 0 flag of 
the TM7MD1 register. Besides, select 1/1 to the count 
clock source by the TM7PS1 to 0 flag. 


(5) Set IGBT/timer startup factor to timer 7 count operation. 


(6) Set the interrupt generation cycle to the timer 7 preset 
register 1 (TM7PR1). The set value should be 4, 
because the counting is 5 times. At that time, the same 
value is loaded to the timer 7 compare register 1 
(TM70C1), and the timer 7 binary counter (TM7BC) is 
initialized to Ox0000. 


(7) Set the TM7BCR flag of the timer 7 mode register 2 
(TM7MDz2) to “1” to select the compare match as a 
binary counter clear source. 


(8) Select TM7IO to the clock source by the TM7CK1 to 0 
flag of the TM7MD1 register. Besides, select 1/1(no 
dividing) to the count clock source by the TM7PS1 to 0 
flag. 


(9) Set the interrupt level by the TM7LV1 to 0 flag of the 
timer 7 interrupt control register (TM7ICR). If the 
interrupt request flag is already set, clear the request 
flag. 

[Chapter 3 3.1.4. Interrupt Flag Setup] 
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Setup Procedure 


Description 





(10) Enable the interrupt 
TM7ICR (Ox03FED) 
bp1:TM7IE =1 


(11) Start the event count 
TM7MD1 (0x03F78) 
bp4:TM7EN =1 








(10) Set the TM7IE flag of the TM7ICR register to “1” to 
enable the interrupt. 


(11) Set the TM7EN flag of the TM7MD1 register to “1” to 
operate the timer 7. 





Every time TM7BC reaches the falling edge of the TM7IO input, it counts up from 0x0000. When the TM7BC 
reaches the set value of the TM7OCI register, the timer 7 interrupt request flag is set at the next count clock, and 
the value of TM7BC becomes 0x0000 to restart counting up. 


Allow the setup procedures (4) to (8) to have the correct operation. 


16-bit Event Count 
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6.5 16-bit Timer Pulse Output 





6.5.1 Operation 





TMnlIO pin can output a pulse signal with a arbitrary frequency. 
M 16-bit Timer Pulse Output Operation (Timer 7, Timer 8) 


These timers can output 2 x cycle signal, compared with the set value of the compare register 1 (TMnOC1) and 
the 16-bit full count. Output pins are as follows. 


Table:6.5.1 Timer Pulse Output Pin 























Timer 7 Timer 8 
Pulse output TM7IO output | TM8lO output 
pin (P13) (P12) 
TM7O output TM80O output 
(P51) (P53) 





Table:6.5.2 shows the timer interrupt generation sources and the flags that control the timer pulse output cycle. 


Table:6.5.2 16-bit Timer Interrupt Generation Source and Timer Pulse Output Cycle (Timer 7, Timer 8) 















































TM7MD2 register Interrupt source Timer pulse output cycle 
TM7IRS1 flag TM7BCR flag 

1 1 TM70C1 compare match Set value of TM70C1 x 2 
0 1 TM70C1 compare match Set value of TM7O0C1 x 2 
1 0 TM70C1 compare match Full count of TM7BC x 2 
0 0 Full count over flow Full count of TM7BC x 2 
TM8MD2 register Interrupt source Timer pulse output cycle 
TMB8IRS1 flag TM8BCR flag 

1 1 TM80C1 compare match Set value of TM80C1 x 2 
0 1 TM80C1 compare match Set value of TM80C1 x 2 
1 0 TM80C1 compare match Full count of TM8BC x 2 
0 0 Full count over flow Full count of TM8BC x 2 
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TMnlO 
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TMnEN 
flag 





Compare 
register 1 


Binary 0000 0001 0002} -- - {nif on | 0000}; 0001 

counter 

Interrupt 

request flag 

TMnlO output ae | 


Figure:6.5.1 Count Timing of Timer Pulse Output (Timer 7, Timer 8) 


TMnl0 output pin outputs 2 x cycle, compared with the value of the compare register |. If the binary counter 
reaches the compare value or full count overflow is occurred, the binary counter is cleared to 0x0000, and the 
TMnlIO output (timer output) is inverted. 





In the initial state after releasing reset, the timer pulse output is reset, and low output is fixed. 
Therefore, release the reset of the timer pulse output by setting the TMnCL flag of the 


TMnMD1 register to “O”. 








Regardless of whether the binary counter is stopped or operated, the timer output is “L”, 
when the TMnCL flag of the TMnMD1 register is set to “1”. 








< Reset release of the timer pulse output should be done when the timer count is stopped. 








When the prescaler is operated by the timer pulse output, set the prescaler dividing rate after 
| the reset release of the timer pulse output. 
a 
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6.5.2 Setup Example 
aE] 
M@ Timer Pulse Output Setup Example 


TM7IO output pin outputs a 50 kHz pulse using timer 7. For this, select fosc as the clock source and set 1/2 cycle 
(50 kHz) to the timer 7 compare register (at fosc=10 MHz). 


An example setup procedure, with a description of each step is shown below. 





Setup Procedure 


Description 





(1) Stop the counting 
TM7MD1 (0x03F78) 
bp4:TM7EN =0 


(2) Set the special function pin 
P1OMD (0x03F1C) 
bp3:P10OMD3 =1 
bp2:NBUZSEL=1 
P1DIR (0x03F31) 
bp3:P1DIR3 =1 


(3) Set the timer pulse 
TM7MD2 (0x03F79) 
bp4:TM7PWM =0 


(4) Select the timer clear source 
TM7MD2 (0x03F79) 
bp5:TM7BCR =1 


(5) Release the reset of the timer pulse 
TM7MD1 (0x03F78) 
bp5:TM7CL =0 


(6) Select the count clock source 
TM7MD1 (0x03F78) 
bp1-0:TM7CK1-0 =00 
bp3-2:TM7PS1-0 =00 


(7) Select IGBT/timer startup factor 
TM7MD3(0x03F8E) 
bp1-0:T7IGBT1-0=00 


(8) Set the timer pulse output generation cycle 
TM7PR1(0x03F75,0x03F74) =x00C7 


(9) Start the timer operation 
TM7MD1 (0x03F78) 
bp4:TM7EN =1 








(1) Set the TM7EN flag of the timer 7 mode register 1 
(TM7MD1) to “0” to stop the timer 7 counting. 


(2) Set the P1OMDS flag of the port 1 output mode register 
(P1OMD) to “1”, the NBUZSEL flag to “1” to set P13 as 
the special function pin. Set the P1DIR3 flag of the port 
1 direction control register (P1DIR) to “1” to set the 
output mode. 

[Chapter 4 1/O Ports] 


(3) Set the TM7PWM flag of the timer 7 mode register 2 
(TM7MD2) to “0” to select the timer pulse output. 


(4) Set the TM7BCR flag of the TM7MD2 register to “1” to 
select the compare match as the binary counter clear 
source. 


(5) Set the TM7CL flag of the TM7MD1 register to “O” to 
enable the pulse output. 


(6) Select fosc as the clock source by the TM7CK1 to 0 flag 
of the TM7MD1 register. Also, select 1/1 dividing as 
the clock source by the TM7PS1 to 0 flag. 


(7) Set IGBT/timer startup factor to timer 7 count operation. 


(8) Set 1/2 of the timer pulse output cycle to the timer 7 
preset register 1 (TM7PR1). To set 50 kHz by dividing 
10 MHz, set as; 
200-1=199 (0xC7) 
At the same time, the same value is loaded to the timer 
7 compare register 1 (TM7BC) and the timer 7 binary 
counter (TM7BC) is initialized to 0x0000. 


(9) Set the TM7EN flag of the TM7MD1 register to “1” to 
operate the timer 7. 
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TM7BC counts up from 0x0000. If TM7BC reaches the set value of the TM7O0C1 register and TM7BC is cleared 
to 0x0000, the signal of the TM7IO output is inverted and TM7BC counts up from 0x0000 again. 
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6.6 16-bit Standard PWM Output (Only 
duty can be changed consecutively) 





TMnlO pin outputs the standard PWM output, which is determined by the overflow timing of the binary counter, 
and the match timing of the timer binary counter and the compare register. 


6.6.1 Operation 
EEE 


M@ 16-bit Standard PWM Output (Timer 7, Timer 8) 


PWM waveform with an arbitrary duty is generated by setting a duty of PWM “H” period to the compare register 
1 (TMnOC1). Its cycle is the time of the 16-bit timer full count overflow. 
Table:6.6.1 shows the PWM output pin. 


Table:6.6.1 PWM Output Pin 





Timer 7 Timer 8 
Pulse out- TM7IO output (P13) TMB8IO output (P12) 
put pin 

TM7O output (P51) TM8O output (P53) 

















@ Count Timing of Standard PWM Output (at Normal) (Timer 7, Timer 8) 





TMnEN 
flag 


Compare P.M ae eee any 
register 1 : : : : : : 


Binary 0000} 0001 --={nat {fet fn) --- FFF FFFFY0000\0001} - - - N+1 
counter 

TMnlO output | | | 
(PWM outpu 


A ~Sgaiin iia on ca nGETGRaGTe 
(A) Setup time for compare regis BY (C) 


PWM basic component (overflow time of the binary counter) 


Figure:6.6.1 Count Timing of Standard PWM Output (at Normal) 
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VI - 40 


H Stop Condition of PWM Waveform, Polarity Selection (Timer 8) 


Select the TM8IO/TM8O output waveform for the time when the PWM operation is stopped by the TM8PWMF 
of the TM8MD3 register. Select the polarity of PWM output by the TM8PWMO. 





Before starting the second PWM or later, clear the BC and PWM waveform by writing to the 
\ preset register as the PWM output waveform of the first cycle cannot be guaranteed. 





PWM source waveform, 
¢ (A)shows “H” until the binary counter reaches the compare register value from 0x0000. 
¢ (B)shows “L” after the compare match, then the binary counter counts up till the overflow. 


¢ (C)shows “H” again if the binary counter overflow. 


@ Count Timing of Standard PWM Output (when compare register 1 is Ox0000) (Timer 7, Timer 8) 


Here is the count timing at setting 0x0000 to the compare register 1. 


Count 
clock 


TMnEN 
flag 





Compare 
register 1 


oun ay ed _ (wei) nines} ne) are Frre{EF FF bay (001) --- (wat | oa 
counter 
H 
TMnlO output 
(PWM Cue 


Figure:6.6.2 Count Timing of Standard PWM Output (when compare register 1 is 0x0000) 


:0000! 


PWM output shows “H”, when TMnEN flag is stopped (at “0”). 
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M@ Count Timing of Standard PWM Output (when compare register 1 is OxFFFF) (Timer 7, Timer 8) 


Here is the count timing at setting OxFFFF to the compare register 1. 


TMnEN 
flag 


Compare 
register 1 


= ee) OEEE)- AReE) HEE 
counter 


TMnlO output 
(PWM output) 


FFF 


L 


Figure:6.6.3 Count Timing of Standard PWM Output (when compare register 1 is OXxFFFF) 


To output the standard PWM output, set the TMnBCR flag of the TM7MD2 or TM8MD2 regis- 
ter to “O” to select the full count overflow as the binary counter clear source and the PWM 


output set (“H” output) source. 











The TMnOC1 compare match or the TMnOC2 compare match can be selected as a PWM 
output reset (“L” output) source with the TNPWMSL flag of the TMnMD2 register. 








In the initial state of the PWM output, it is changed to “H’” output from “L” output at the timing 
that the PWM operation is selected by the TMnPWM flag of the TMnMD2 register. 








the preset register to clear the binary counter and the PWM waveform when restarting the 


< To guarantee the PWM waveform of the first cycle, after PWM operation is stopped, write to 
PWM operation. 
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6.6.2 Setup Example 


M@ Standard PWM Ouiput Setup Example 


The TM7IO output pin outputs the 1/4 duty PWM output waveform at 152.6 Hz with the timer 7 (at the high fre- 
quency oscillation, fosc=10 MHz). One cycle of the PWM output waveform is decided by the overflow of the 
binary counter. “H” period of the PWM output waveform is decided by the set value of the compare register 1. 
An example setup procedure, with a description of each step is shown below. 


TM7IO output | | | | | | 





Figure:6.6.4 Output Waveform of 





Setup Procedure 


Description 





(1) Stop the counter 
TM7MD1 (0x03F78) 
bp4:TM7EN =0 


(2) Set the special function pin to output 
P1OMD (0x03F1C) 
bp3:P1OMD3 =1 
bp2:NBUZSEL=1 
P1DIR (0x03F31) 
bp3:P1DIR3 =1 


(3) Set the PWM output 
TM7MD2 (0x03F79) 
bp4:TM7PWM =1 


(4) Set the standard PWM output 
TM7MD2 (0x03F79) 
bp5:TM7BCR =0 


(5) Select the count clock source 
TM7MD1 (0x03F78) 
bp1-0:TM7CK1-0 =00 
bp3-2:TM7PS1-0 =00 


(6) Select IGBT/timer startup factor 
TM7MD3(0x03F8E) 
bp1-0:T7IGBT1-0=00 








(1) Set the TM7EN flag of the timer 7 mode register 1 
(TM7MD1) to “0” to stop the timer 7 counting. 


(2) Set the P10MD3 flag of the port 1 output mode register 
(P10MD) to “1” , NBUZSEL flag to “1” to set the P13 pin 
as a special function pin. Set the P1DIR3 flag of the 
port 1 direction control register (P1 DIR) to “1” to set the 
output mode. 

[Chapter 4 1/O Ports] 


(3) Set the TM7PWM flag of the timer 7 mode register 2 
(TM7MDz2) to “1” to select the PWM output. 


(4) Set the TM7BCR flag of the TM7MD2 register to “O” to 
select the full count overflow as the binary counter 
clear source. 


(5) Select fosc as the clock source by the TM7CK1 to 0 flag 
of the TM7MD1 register. Also, select 1/1 dividing as 
the count clock source by the TM7PS1 to 0 flag. 


(6) Set IGBT/timer startup factor to timer 7 count operation. 
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Setup Procedure 


Description 





(7) Set “H” period of the PWM output 
TM7PR1(0x03F75,0x03F74) =0x4FFF 


(8) Start the timer operation 
TM7MD1 (0x03F78) 
bp4:TM7EN =1 





65536, set as; 


operate the timer 7. 





(7) Set “H” period of the PWM output to the timer 7 preset 
register 1 (TM7PR1). To set 1/4 duty of the full count 


65536/4-1=16383 (OxO03FFF) 

At the same time, the same value is loaded to the timer 
7 compare register 1 (TM7OC1) and the timer 7 binary 
counter (TM7BC) is initialized to 0x0000. 


(8) Set the TM7EN flag of the TM7MD1 register to “1” to 








TM7BC counts up from 0x0000. The PWM source waveform outputs “H” until TM7BC reaches the set value of 
the TM70C1 register, then after the match it outputs “L”. After that, TM7BC continues to count up. Once a 
overflow occurs, the PWM source waveform outputs “H” again, and TM7BC counts up from 0x0000, again. 
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VI- 44 


6.7 16-bit High Precision PWM Output 
(Cycle/Duty can be changed consec- 
utively) 





The TMnlIO pin outputs high precision PWM output, which is determined by the match timing of the timer binary 
counter and the compare register 1, and match timing of the binary counter and the compare register 2. 


6.7.1 Operation 





M 16-bit High Precision PWM Output Operation (Timer 7, Timer 8) 


The PWM waveform of any cycle/duty is generated by setting the cycle of PWM to the compare register 1 
(TMnOC1) and setting the duty of the “H” period to the compare register 2 (TMnOC2). 


@ Count Timing of High Precision PWM Output (at Normal) (Timer 7, Timer 8) 
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Figure:6.7.1 Count Timing of High Precision PWM Output (at Normal) 


PWM source waveform, 
(A)shows “H” until the binary counter reaches the compare register from 0x0000. 


(B)shows “L” after the TMnOC2 compare match, the binary counter then counts up until the binary counter 
reaches the TMnOC1 compare register is cleared. 
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(C)shows “H” again, when the binary counter is cleared. 


HM Count Timing of High Precision PWM Output (When the compare register 2 is Ox0000) (Timer 7, 
Timer 8) 


Here is the count timing as the compare register 2 is set to 0x0000. 


Count 
clock 


TMnEN 
flag 





Compare 
register 1 





Compare 
register 2 


Bina 0000 (00 wae eee ene enn ny (nt wv | 0000 (00 ween eee n nee n eee e: 
counter 
H 
TMnlO output | 
(PWM output)L 


Figure:6.7.2 Count Timing of High Precision PWM Output (When the compare register 2 is 0x0000) 


0000 





When the TMnEN flag is stopped (at “0”), the PWM output shows “H”. 
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M Count Timing of High Precision PWM Output (At the compare register 2 = the compere register 1-1) 
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Figure:6.7.3 Count Timing of High Precision PWM Output (At the compare register 2 = the compare 
register 1-1) 


To output the high precision PWM output, set the TMnBCR flag of the TMnMD2 register to “1” 
to select the TM7OC1 compare match as the clear source for the binary counter, and the set 
(“H” output) source of the PWM output. 
Also, set the TnRPWMLS flag to “1” to select the TMnOC2 compare match as the reset (“L” 


output) source of the PWM output. 


N-1 











In the initial state of the PWM output, it is changed to “H’” output from “L” output at the timing 
that the PWM operation is selected by the TMnPWM flag of the TMnMD register. 








Set as the set value of TMnOC2 < the set value of TMnOC1. 
If it is set as the set value of TMnOC2 > the set value of TMnOC1, the PWM output is a “H” 


fixed output. 
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6.7.2 Setup Example 
eS | 


M@ High Precision PWM Output Setup Example (Timer 7, Timer 8) 


The TM7IO output pin outputs the 1/4 duty PWM output waveform at 400 Hz with the timer 7. Select fosc/2 (at 
fosc=10 MHz) as the clock source. One cycle of the PWM output waveform is decided by the set value of the 
compare register 1. “H” period of the PWM output waveform is decided by the set value of the compare register 
2. 

An example setup procedure, with a description of each step is shown below. 


TM7IO output | | | | | | 


152.6 Hz 





Figure:6.7.4 Output Waveform of TM7IO Output Pin 








Setup Procedure Description 

(1) Stop the counter (1) Set the TM7EN flag of the timer 7 mode register 1 
TM7MD1 (0x03F 78) (TM7MD1) to “0” to stop the timer 7 counting. 
bp4:TM7EN =0 

(2) Set the special function pin to output (2) Set the P1OMDS flag of the port1 output mode register 
P1OMD(0x03F1C) (P1OMD) to “1”, the NBUZSEL flag to “1” to set P13 pin 
bp3:P1OMD3 =1 as the special function pin. Set the P1DIR3 flag of the 
bp2:NBUZSEL=1 port 1 direction control register (P1DIR) to “1” to set the 
P1DIR (0x03F31) output mode. 
bp3:P1DIR3 =1 [Chapter 4 1/O Ports] 

(3) Set the PWM output (3) Set the TM7PWM flag of the timer 7 mode register 2 
TM7MD2(0x03F 79) (TM7MDz2) to “1” to select the PWM output. 


bp4:TM7PWM =1 


(4) Set the high precision PWM output (4) Set the P1DIR4 flag of the port 1 direction control 
TM7MD2(0x03F79) register (P1DIR) to “1” to select the TM7OC2 compare 
bp5:TM7BCR =1 match as the duty decision source of the PWM output. 


bp6:T7PWMSL =1 


(5) Select the count clock source (5) Select fosc as the clock source by the TM7CK1 to 0 flag 
TM7MD1(0x03F 78) of the TM7MD1 register. Also, select 1/1 dividing as 
bp1-0:TM7CK1-0 =00 the count clock source by theTM7PS1 to 0 flag. 


bp3-2:TM7PS1-0 =00 


(6) Select IGBT/timer startup factor (6) Set IGBT/timer startup factor to timer 7 count operation. 
TM7MD3(0x03F8E) 
bp1-0:T7IGBT1-0=00 
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Setup Procedure Description 
(7) Set the PWM output cycle (7) Set the PWM output cycle to the timer 7 preset register 1 
TM7PR1(0x03F75,0x03F74) =0x61a7 (TM7PR1). To set 400 Hz by dividing 10 MHz, set as; 
25000-1=24999 (0x61a7) 
At the same time, the same value is loaded to the timer 
7 compare register 1 (TM7OC1), the timer 7 binary 
counter is initialized to Ox0000. 
(8) Set the “H” period of the PWM output (8) Set “H” period of the IGBT output to the timer 7 preset 
TM7PR2(0x03F7D,0x03F7C) =0x1869 register 2 (TM7PR2). To set 1/4 duty of 25000 dividing, 
set as; 
25000/4=6250 (0x1869) 
At the same time, the same value is loaded the timer 7 
compare register 2 (TM7OC2). 
(9) Start the timer operation (9) Set the TM7EN flag of the TM7MD1 register to “1” to 
TM7MD1(0x03F78) operate the timer 7. 
bp4:TM7EN =1 














TM7BC counts up from 0x0000. The PWM source waveform outputs “H” until TM7BC matches the set value of 
the TM70C2 register. Once they matches, it outputs “L”. After that, TM7BC continues to count up. Once 
TM7BC matches the TM7OC1 register to be cleared, the PWM output waveform outputs “H” again and TM7BC 
counts up from 0x0000 again. 
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6.8 16-bit Timer Capture 


6.8.1 Operation 





The value of the binary counter is read out at the timing of the external interrupt input signal which is synchro- 
nized to fosc, fs or the external event signal, at the timing of the timer 0 and timer | interrupts or at the timing of 
the writing operation with any value to the capture register. 


™@ Capture Operation with External Interrupt Signal as the Trigger (Timer 7, Timer 8) 


Input capture trigger is generated at the external interrupt signal. The capture trigger is selected by the timer 7 
mode register | (TMnMD1) and the timer mode register 2 (TMnMD2). 
Selectable capture triggers and the interrupt flag setup are shown below. 


Table:6.8.1 Capture Trigger 
































Capture trigger source Timer 7 mode regis- Timer 7mode | Timer 8 mode regis- Timer 7 mode 
ter 2 register 1 ter 2 register 2 
T7ICT1-0 | T7ICED | T7ICEDG1 T8ICT1-0 | T8ICED | T8ICEDG1 

GO Go 

IRQO falling edge OO(IRQO) | 1 0 OO(IRQO) | 1 0 

IRQO rising edge OO(IRQO) | 1 1 OO(IRQO) | 1 1 

IRQO both edges 00(IRQ0) | 0 x 00(IRQ0) | 0 x 

IRQ1 falling edge 01(IRQ1) | 1 0 01(IRQ1) | 1 0 

IRQ1 rising edge 01(IRQ1) | 1 1 01(IRQ1) | 1 1 

IRQ1 both edges 01(IRQ1) | 0 x 01(IRQ1) | 0 x 

IRQ2 falling edge 10(IRQ2) | 1 0 10(IRQ2) | 1 0 

IRQ2 rising edge 10(IRQ2) | 1 1 10(IRQ2) | 1 1 

IRQ2 both edges 10(IRQ2) | 0 x 10(IRQ2) | 0 x 





























16-bit Timer Capture VI- 49 


Chapter 6 
16-bit Timers 





If the system clock (fs) is selected as the capture clock and the capture operation is done 

during the TMnIO input or operation with fosc, an incomplete value at the count up of the 
binary counter may be written to the input capture register. To prevent this, use fx or syn- 
chronous TMnlO input as the count clock. 








of the capture clock selected by the TMnCKSMP flag of the TMnMD3 register. Therefore, 
even capture trigger is input, the value of the binary counter is not loaded to the capture reg- 
ister until the rising edge of the next capture clock. 

If the clock which is slower than CPU operation speed (fs) is set as the timer source clock, 
set the TMnCKSMP of the TMnMD3 register to fs. 

Also, the interval of each capture trigger should be set more than 2 cycles of the clock which 
is set at the TMnCKSMP of the TMnMD3 register. 


< Capture trigger signals of the 16-bit timers 7 and 8 are generated by sampling the rising edge 








If the capture clock frequency is longer against the system clock, the value of the capture 
\ register may be read out before capturing. 
a 
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™@ Capture Count Timing as Both Edges of External Interrupt Signal is selected as Trigger (Timer 7, 
Timer 8)) 


Count | | j | i { i | i | i | { | | i | i i I | { | f | i 
clock 
(fs) oe fe : 
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flag 


Compare 
register 
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(synchronous 
to fs) 
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Figure:6.8.1 Capture Count Timing as External Interrupt Signal is selected as Trigger (Timer 7, Timer 
8) 


Ni 


A capture trigger is generated at the both edges of the external interrupt m input signal. In synchronized with this 
capture trigger, the value of binary counter is loaded to the input capture register. The value loaded to the capture 
register is depending on the value of the binary counter at the falling edge of the capture trigger. When the speci- 
fied edge is selected as the capture trigger source, the capture trigger is generated only at that edge. The other 
count timing is the same as the count timing of the timer operation. 


When the binary counter is used as a free counter which counts 0x0000 to OxFFFF set the 
compare register 1 to OxFFFF, or set the TMnBCR flag of the TM7MD2 to “O”. 











Even if an event is generated before the value of the input capture register is read out, the 
value of the input capture register can be rewritten. 








In the initial state after releasing the reset, the generation of trigger by the external interrupt 
signal is disabled. Set the TnICEN flag of the TMnMD2 register to “1” to enable the trigger 


generation. 
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™ Capture Operation as Timer 0 and 1 interrupts are selected as Trigger (Timer 7, Timer 8) 


A capture trigger of the input capture function is generated by the timer 0 and | interrupts signals. Select the cap- 
ture trigger by the timer mode register 2 (TMnMD2) and the timer mode register 4 (TMnMD4). When the timer 
0 and | interrupts signals are selected as the capture trigger, the edges of the capture trigger are disabled. 
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Figure:6.8.2 Capture Operation as Timer 0 and 1 interrupts are selected as Trigger (Timer 7, Timer 8) 





input capture function is generated by the timer 0 and 1 interrupts signals. Select the capture 


< When the T7ICT1-0 flag of the timer mode register 2 is set to x’11’, a capture trigger of the 


trigger by the timer mode register 2 (TMnMD2) and the timer mode register 4 (TMnMD4). 
When the timer 0 and 1 interrupts signals are selected as the capture trigger, the edges of 
the capture trigger are disabled. When setting the capture clock as the count clock to exe- 
cute the event count operation, the timer 0, 1 interrupt signal may not be recognized. To pre- 
vent this, select the synchronous TMnlO input as the clock source. 
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M@ Binary Counter Clearance at the Timing of Capture (Timer 7, Timer 8) 


When selecting the external interrupt input signal or the timer 0 and | interrupts as the capture trigger, the binary 
counter can be cleared during capture operation by setting the TnCAPCLR flag of the timer mode register 4 
(TMnMD4) to “1”. The binary counter can be cleared during timer count operation only. 
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Figure:6.8.3 Binary Counter Clearance at the Timing of Capture (Timer 7, Timer 8) 
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VI - 54 


™ Capture Operation Triggered by Writing Software (Timer 7, Timer 8) 
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Figure:6.8.4 Capture Count Timing Triggered by Writing Software (Timer 7, Timer 8) 


The capture trigger is generated at the writing signal to the input capture register. The writing signal is generated 
at the last cycle of the writing instruction. In synchronized with this capture trigger, the value of the binary 
counter is loaded to the input capture register. The value is depending on the value of the binary counter at the 
falling edge of the capture trigger. The other timing is the same as the timer operation. 





The writing to the input capture to generate the capture trigger should be done with 8-bit 
access instruction of the TMnICL register or the TMnICH register. 


At this time, data is not actually written to the TMnIC register. 








On hardware, there is no flag to disable the capture operation triggered by writing software. 
Capture operation is enabled regardless of the TnICEN flag of the TMnMD2 register. 
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interrupt interrupt 


External interrupt 0 | | | | 
IRQO input 


Pulse width to be measured 


Figure:6.8.5 Pulse Width Measurement of External Interrupt 0 





Setup Procedure 


Description 





(1) Stop the counter 
TM7MD1(0x03F78) 
bp4:TM7EN =0 


(2) Disable the interrupt 
IRQOICR(0x03FE2) 
bp1:IRQOIE =0 


(3) Select the timer clear source 
TM7MD2(0x03F79) 
bp5:TM7BCR =1 


(4) Select the count clock source 
TM7MD1(0x03F78) 
bp1-0:TM7CK1-0 =00 
bp3-2:TM7PS1-0 =00 


(5) Select IGBT/timer startup factor 
TM7MD3(0x03F8E) 
bp1-0:T7IGBT1-0=00 


(6) Set the compare register 
TM7PR1(0x03F75,0x03F74) =OxFFFF 


(7) Select the capture trigger generation 
interrupt source 
TM7MD2(0x03F79) 
bp1-0:T7ICT1-0 =00 


(8) Select the capture trigger generation edge 
TM7MD1(0x03F78) 
bp6:T7ICEDG1 =1 
TM7MD2 (0x03F79) 
bp7:T7ICEDGO =1 








(1) Set the TM7EN flag of the timer 7 mode register 1 
(TM7MD1) to “O” to stop the timer 7 counting. 


(2) Set the IRQIE flag of the IRQOICR register to “O” to 
disable the interrupt. 


(3) Set the TM7BCR flag of the timer 7 mode register 2 
(TM7MD2) to “1” to select the compare match as the 
binary counter clear source. 


(4) Select fosc as the clock source by the TM7CK1 to 0 flag 
of the TM7MD1 register. Also, select 1/1 dividing of 
fosc as the count clock source by the TM7PS1 to 0 
flag. 


(5) Set IGBT/timer startup factor to timer 7 count operation. 


(6) Set OxFFFF to the timer 7 preset register 1(TM7PR1). 
At that time, the same value is loaded to the timer 7 
compare register 1 (TM7O0C1), the timer 7 binary 
counter (TM7BC) is initialized to 0x0000. 


(7) Select the external interrupt 0 (IRQO) input as the 
capture trigger generation source by the T7ICT1 to 0 
flag of the TM7MD2 register. 


(8) Set the T7ICEDG1 flag of the TM7MD1 register to “1” to 
select the rising edge as the capture trigger generation 
edge. Also, set the T7ICEDGO flag of the TM7MD2 
register to “1” to enable the specify edge as the capture 
trigger generation source. 
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VI - 56 





Setup Procedure 


Description 








(9) Select the capture sampling 
TM7MD3(0x03F8E) 
bp7:TM7CKSMP =0 


(10) Select the interrupt generation valid edge 
IRQOICR(0x03FE2) 
bp5:REDGO =1 


(11) Set the interrupt level 
IRQOICR(0x03FE2) 
bp7-6:IRQOLV1-0 =10 


(12) Enable the interrupt 
IRQOICR(0x03FE2) 
bp1:IRQOIE =1 


(13) Enable the capture trigger generation 
TM7MD2(0x03F79) 
bp2:T7ICEN =1 


(14) Start the timer operation 
TM7MD1(0x03F78) 
bp4:TM7EN =1 





(9) Select the capture sampling as the count clock. 


(10) Set the REDGO flag of the external interrupt 0 control 
register (IRQOICR) to “1” to select the rising edge as 
the interrupt generation valid edge. 


(11) Set the interrupt level by the IRQOLV1 to 0 flag of the 
IRQOICR register. If the interrupt request flag is 
already set, clear the request flag. 

[Chapter 3 3.1.4. Interrupt Flag Setup] 


(12) Set the IRQOIE flag of the IRQOICR register to “1” to 
enable the interrupt. 


(13) Set the T7ICEN flag of the TM7MD2 register to “1” to 
enable the capture trigger generation. 


(14) Set the TM7EN flag of the TM7MD1 register to “1” to 
operate the timer 7. 








TM7BC counts up from 0x0000. At the timing of the rising edge of the external interrupt 0 input signal, the value 
of TM7BC is loaded to the TM7IC register. At that time, the pulse width between rising edge of the external 
interrupt input signal can be measured by reading the value of the TM7IC register through interrupt service rou- 
tine, and calculating the difference between the capture values. 
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6.9 16-bit High Precision IGBT Output 
(Cycle/Duty can be changed consec- 
utively) 





High precision IGBT output starts counting by the external interrupt input signal as the trigger. Startup trigger 
can be selected by the external interrupt 0, 1 and 2 or starting of the timer 7 count operation. When counting 
starts, the operation is the same as the high precision PWM output. 


6.9.1 Operation 
——aeeeeeeeee———————EEESE>E>E>E>E>EE~_—_——S 


@ IGBT Trigger Selection 


IGBT trigger can be selected from IRQO, IRQ1, IRQ2 and the start of the timer 7 count operation. 

Setup should be done at the T7IGBTO and T7IGBT1 flag of the TM7MD3 register. When the startup is controlled 
from external of the microcontroller, one of IRQO to IRQ2 should be selected. This trigger detects the input level 
before activation. Either “H” or “L” level can be selected with the T7IGBTTR flag of the TM7MD3 register. 
When “1” (the rising edge) is selected, count operation continues while the trigger pin is “H”. When “0” (the fall- 
ing edge) is selected, count operation continues while the trigger pin is “L”. 

To control the startup by the commands, TM7EN count operation should be selected. In that case, timer count 
operation or IGBT output are controlled by the TM7EN flag of the TM7MD1 register. When “1” (count opera- 
tion) is selected, count continues counting until “0” (count stop) is set. Make sure to set the TM7IGBTO, | of the 
TM7MD3 register before operating the TM7EN flag of the TM7MDI register. In that case, setup of T7IGBTTR 
is neglected. The binary counter is cleared as the counting stops. The value is loaded from the preset register to 
the compare register in synchronization with the counter clock. 


M 16-bit High Precision IGBT Output (Timer 7) 


The IGBT waveform of any cycle/duty is generated by setting the cycle of IGBT to the compare register | 
(TM70C1) and setting the duty of the “H” period to the compare register 2 (TM7OC2). The 16 bit timer that can 
be used by high precision IGBT output is the timer 7. 


M@ One shot Pulse Output Setup 
One shot pulse output can be done by setting the TTONESHOT flag of the TM7MD4 register to “1”. 
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@ Count Timing of High Precision IGBT Output (At Normal) (Timer 7) 
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Figure:6.9.1 Count Timing of High Precision IGBT Output (At Normal) 





(A) When IGBT trigger is input, IGBT operation becomes valid after 1 count clock. After IGBT output is valid, 
itis "L" until the next count clock. 


(B) When IGBT trigger is valid, it is "H" during the period when the value of the binary counter reaches that of 
TM70C2 from X'0000". ("H" output from X'0001 at the first operation cycle) 


(C) After the TM7OC2 compare match, it is "L" and the binary counter counts up until the counter reaches the 
TM7OC1 compare register to be cleared. 


(D) When the binary counter is cleared, it becomes "H" again. 
(E) When IGBT trigger becomes invalid, the timer is initialized and IGBT output forcibly becomes "L". 
M@ Count Timing of High Precision IGBT Output (When the compare register 2 is X’0000’) (Timer 7) 


The following shows the count timing as the compare register 2 is set to X’0000’. 
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Figure:6.9.2 Count Timing of High Precision IGBT Output (When the compare register 2 is X’0000’) 
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When the TM7EN flag is set to “0” (stop status) and the T7IGBTDT of the TM7MD3 register is set to “0”, both 
TM7IO and TM8IO output “L”. 


M Count Timing of High Precision IGBT Output (When compare register 2 = compare register 1) 
(Timer 7) 


The following shows the count timing when the value of the compare register | is set to the compare register 2. 
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Figure:6.9.3 Count Timing of High Precision IGBT Output (When compare register 2 = compare 
register 1) 








For high precision IGBT output, set the TM7BCR flag of the TM7MD2 register to "1" and 

select TM7OC1 compare match as the binary counter clear factor and IGBT output set ("H" 
output) factor. Also, set the T7PWMSL flag of the TM7MD2 register to "1" and select the 
TM7O0C2 compare match as the IGBT output reset ("L" output) factor. 








In the initial state of the IGBT output (TM7IO), when the IGBT output is selected by the 
T7IGBTEN of the TM7MD3 register, it is "L" output. After the trigger is input, it changes to 


"H" at the second cycle. 








Set as TM7OC2 value < TM70C1 value. 
When TM70C2 value > TM70C1 value, the IGBT output waveform is fixed to “H’. 
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M@ One Shot Pulse Output of High Precision IGBT Output (At Normal) (Timer 7) 
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Figure:6.9.4 One Shot Pulse Output of High Precision IGBT Output (At Normal) (Timer 7) 


M@ One Shot Pulse Output of High Precision IGBT Output (When the compare register 2 is X’0000’) 
(Timer 7) 
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Figure:6.9.5 One Shot Pulse Output of High Precision IGBT Output (When the compare register 2 is 
X’0000’) (Timer 7) 
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M@ One Shot Pulse Output of High Precision IGBT Output (When compare register 2 = compare 
register 1) (Timer 7) 
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Figure:6.9.6 One Shot Pulse Output of High Precision IGBT Output (When compare register 2 = 
compare register 1) (Timer 7) 
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6.9.2 Setup Example 


@ High precision IGBT Output Setup Example (Timer 7) 


At the interrupt generation edge of the external interrupt 0 input signal, TM7IO output pin outputs the waveform 
of 1/4 duty IGBT output waveform at 400 Hz using the timer 7. Select fosc/2 (at fosc=20 MHz) as the clock 
source. Required period for one IGBT output waveform cycle depends on the set value of the compare register 1. 
“H” period of IGBT output waveform depends on the set value of the compare register 2. 

An example setup procedure, with a description of each step is shown below. 


IGBT trigger | | 
Tu7!0 ouput | | | | | | 





400 Hz 


Figure:6.9.7 Output Waveform of TM7IO Output Pin 





Setup Procedure 


Description 





(1) Stop the counter 
TM7MD1(x’3F 78) 
bp4:TM7EN =0 


(2) Set the output of special function pins 

P10MD(x’3F1C’) 

bp4:P1OMD3 =1 

bp3:NBUZSEL =1 

bp4:P1OMD2 =1 

bp3:BUZSEL =1 

P1DIR(x’3F31’) 

bp3:P1DIR3=1 

bp2:P1DIR2=1 


(3) Set IGBT output 
TM7MD3(x’3F8E’) 
bp2:TM7IGBTEN =1 


(4) Set the high precision IGBT output operation 
TM7MD2(x’3F79) 
bp5:TM7BCR =1 
bp6:T7PWMSL =1 
TM7MD4(x’3F6E') 
bp3:T7NODED =1 








(1) Set the TM7EN flag of the timer 7 mode register 1 


(TM7MD1) to “0” to stop the timer 7 counting. 


(2) Set the P1OMDS flag of the port 1 output mode register 


(P1OMD) to “1”, the NBUZSEL flag to “1” to set the P13 
pin to the special function pin. Set the P1OMD2 flag of 
the port 1 output mode register to “1”, the BUZSDEL 
flag to “1” to set the P12 pin to the special function pin. 
Set the P1DIR3 flag of the port 1 direction control 
register (P1DIR) to “1”, the P1DIR2 flag to “1” to set the 
output mode. 

Add pull-up/pull-down resistor if necessary. 

[Chapter 4 I/O port] 


(3) Set the T7IGBTEN flag of the timer 7 mode register 3 


(TM7MD39) to “1” to select IGBT output. 


(4) Set the TM7BCR flag of the TM7MD2 register to “1” to 


select the TM7OC1 compare match as the clear factor 
of the binary counter. Set the T7PWMSL flag to “1” to 
select the TM7OC2 compare match as the duty 
determination factor of IGBT output. Set the 
T7NODED flag of the TM7MD4 register to “1” to select 
the IGBT waveform without dead time. 
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Setup Procedure 


Description 





(5) Select IGBT trigger generation interrupt 
source 
TM7MD3(x’3F8E) 
bp1-0:T7IGBT1-0 =01 


(6) Select the interrupt generation valid edge 
IRQOICR(x’3FE2) 
bp5:REDGO =1 


(7) Select IGBT trigger generation level 
TM7MD3(x’3F8E’) 
bp4:T7IGBTTR=0 


(8) Select IGBT trigger generation edge 
TM7MD2(x’3F79’) 
bp7:T7ICEDG=1 


(9) Set the interrupt level 
IRQOICR(x’3FE2') 
bp7-6:IRQOLV1-0 =10 


(10) Enable the interrupt 
IRQOICR(x’3FE2') 
bp1:IRQOIE =1 


(11) Select the count clock source 
TM7MD 1 (x’3F78') 
bp1-0:TM7CK1-0 =00 
bp3-2:TM7PS1-0 =01 


(12) Set the IGBT output cycle 
TM7PR1(x’3F75’, x’3F74') =x’61a7” 


(13) Set “H” period of the IGBT output 
TM7PR2(x’3F7D", x’3F7C’) =x’186a’ 


(14) Start the timer operation 
TM7MD1(x’3F78’) 
bp4: TM7EN= 1 








(5) Set the external interrupt 0 (IRQO) input as IGBT trigger 
generation factor by the T7IGBT1-0 flag of the 
TM7MDS register. 


(6) Set the REDGO flag of the external interrupt 0 control 
register (IRQOICR) to “1” to select the rising edge as 
the interrupt generation valid edge. 


(7) Set the T7IGBTTR flag of the TM7MD3 register to “O” to 
set the IGBT trigger level to “H’. 


(8) Set the T7ICEDG flag of the TM7MD2 register to “1” to 
select the external interrupt specified edge as the IGBT 
trigger generation factor. 


(9) Set the interrupt level by the IRQ1LV1 to 0 flag of the 
IRQOICR register. If any interrupt request flag is 
already set, clear it. 

[Chapter 3. 3.1.4 Interrupt Flag Setup] 


(10) Set the TM7EN flag of the TM7MD1 register to “1” to 
start the timer 7. 


(11) Select fosc as the clock source by the TM7CK1 to 0 
flag of the TM7MD1 register. 
Also, select 1/2 dividing as the count clock source by 
the TM7PS1 to 0 flag. 


(12) Set the IGBT output cycle to the timer 7 preset register 
1 (TM7PR1). To set 400 Hz by dividing MHz, set as; 
25000-1=24999 (x61a7’) 

At the same time, the same value is loaded to the timer 
7 compare register 1 (TM7OC1), and the timer 7 binary 
counter (TM7BC) is initialized to x’0000’. 


(13) Set the “H” period of the IGBT waveform to the timer 7 
preset register 2 (TM7PR2). To set 1/4 duty of 25000 
dividing, set as; 
25000/4=6250(x’186’) 

At the same time, the same value is loaded to the timer 
7 compare register 2 (TM7O0C2). 


(14) Set the TM7EN flag of the TM7MD1 register to “1” to 
operate the timer 7. 








TM7BC counts up from x’0000. The IGBT output waveform outputs “H” until TM7BC matches the set value of 
the TM70C2 register. Once they match, it outputs “L”. After that, TM7BC continues to count up. Once TM7BC 
value matches the TM7OCI1 register value to be cleared, the IGBT output waveform outputs “H” and TM7BC 


counts up from x’0000 again. 
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To output the IGBT output waveform from the large current pin TM7O, set the special function pin to output 
mode as follows (refer to setup example (2)). Set each of PSOMD!1 flag of the port 5 output mode register 
(PSOMD) to “1” to select P51 pin as the special function pins. Set PSDIR1 flag of the port 5 direction control 
register to “1” to set output mode. 
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6.10 16-bit Standard IGBT Output (Only 
duty can be changed consecutively) 





Startup trigger can be selected by the external interrupt 0, 1 and 2 or starting of the timer 7 count operation. When 
counting starts, the operation is the same as the high precision PWM output. 


6.10.1 Operation 


@ IGBT Trigger Selection 


IGBT trigger can be selected from IRQO, IRQ1, IRQ2 and the start of the timer 7 count operation. Setup should 
be done at the T7IGBTO and T7IGBT1 flag of the TM7MD3 register. When the startup is controlled from exter- 
nal of the microcontroller, one of IRQO to IRQ2 should be selected. This trigger detects the input level before 
activation. Either “H” or “L” level can be selected with the T7IGBTTR flag of the TM7MD3 register. When “1” 
(the rising edge) is selected, count operation continues while the trigger pin is “H”. When “0” (the falling edge) is 
selected, count operation continues while the trigger pin is “L”. 

To control the startup by the commands, TM7EN count operation should be selected. In that case, timer count 
operation or IGBT output are controlled by the TM7EN flag of the TM7MD1 register. When “1” (count opera- 
tion) is selected, count continues counting until “0” (count stop) is set. Make sure to set the TM7IGBTO, | of the 
TM7MD3 register before operating the TM7EN flag of the TM7MD1 register. 


@ 16-bit Standard IGBT Output (Timer 7) 


The IGBT waveform of any duty is generated by setting the duty of “H” period to the compare register 1 
(TM70C1) and detecting the trigger that is generated by the external interrupt after the external interrupt interface 
block has passed. The cycle is the full count overflow time of the 16 bit timer. The following shows IGBT output 
pins, types of the selectable IGBT trigger, and the setting of the interrupt flags. 


Table:6.10.1 IGBT Output Pin 





Timer 7 





IGBT output pin TM7IO output (P13) 





TM7O output (P51) 
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Table:6.10.2 IGBT Trigger 



































Timer 7 mode register 3 
T7IGBT T7IGBTTR 
IRQO falling edge 01 (IRQO) 1 
IRQO rising edge 01 (IRQO) 0 
IRQ1 falling edge 10 (IRQ1) 1 
IRQ1 rising edge 10 (IRQ1) 0 
IRQ2 falling edge 11 (IRQ2) 1 
IRQ2 rising edge 11 (IRQ2) 0 
TM7EN count operation 00 - 
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@ Count Timing of Standard IGBT Output (At Normal) 
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Figure:6.10.1 Count Timing of Standard IGBT Output (At Normal) 


(A) When IGBT trigger is input, IGBT operation becomes valid after 1 count clock. After IGBT output is valid, 
itis "L" until the next count clock. 


(B) When IGBT trigger is valid, it is "H" during the period when the value of the binary counter reaches that of 
TM70C2 from X'0000". ("H" output from X'0001 at the first operation cycle) 


(C) After the TM7OC2 compare match, it is "L" and the binary counter counts up until the counter reaches the 
TM70C1 compare register to be cleared. 


(D) When the binary counter is cleared, it becomes "H" again. 


(E) When IGBT trigger becomes invalid, the timer is initialized and IGBT output forcibly becomes "L". 
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@ Count Timing of Standard IGBT Output (When the compare register 1 is X’0000’) (Timer 7) 


The following shows the count timing as the compare register | is set to X’0000’. 
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Figure:6.10.2 Count Timing of Standard IGBT Output (When the compare register 1 is X’0000’) 


When TM7EN flag is set to “0” (stop status), IGBT output is “L”. 


M@ Count Timing of Standard IGBT Output (When the compare register 1 is X’FFFF’) (Timer 7) 


The following shows the count timing as the compare register | is set to X’ FFFF’. 
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Figure:6.10.3 Count Timing of Standard IGBT Output (When the compare register 1 is X’FFFF’) 
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full count overflow as the binary counter clear factor and the IGBT output set ("H" output) fac- 


< For standard IGBT output, set the TM7BCR flag of the TM7MD2 register to "0" and select the 
* tor. 








TM7OC1 compare match or TM7OC2 compare match can be selected as the IGBT output 
| reset ("L" output) factor by the T7PWMSL flag of the TM7MD2 register. 
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6.10.2 Setup Example 


™ Standard IGBT Output Setup Example (Timer 7) 


At the interrupt generation edge of the external interrupt 0 input signal, TM7IO output pins output the waveform 
of 1/4 duty IGBT waveform at 305.18 Hz using the timer 7. Frequency for high speed operation (fosc) is 20 MHz. 
Required period for one IGBT output waveform cycle depends on the overflow time of the binary counter. “H” 
period of IGBT output waveform depends on the set value of the compare register 1. 

An example setup procedure, with a description of each step is shown below. 


IGBT Trigger | | 
T710 Outpt | | | | | | 





305.18 Hz 
<———_—> 


Figure:6.10.4 Output Waveform of TM7IO Output Pin and TM8IO Output Pin 





Setup Procedure 


Description 





(1) Stop the counter 
TM7MD1(x’3F78) 
bp4:TM7EN =0 


(2) Set the output of special function pins 
P1OMD(x’3F1C’) 
bp4:P1OMD3 =1 
bp3:NBUZSEL =1 
P1DIR(x’3F31’) 
bp4:P1DIR3=1 


(3) Set IGBT output 
TM7MD3(x’3F8E’) 
bp2:TM7IGBTEN =1 
TM7MD2(x’3F79’) 
bp4:PM7PWM =1 


(4) Set the standard IGBT output operation 
TM7MD2(x’3F79) 
bp5:TM7BCR =1 


(5) Select IGBT trigger generation interrupt 
source 
TM7MD3(x’3F8E) 
bp1-0:T7IGBT1-0 =01 








(1) Set the TM7EN flag of the timer 7 mode register 1 
(TM7MD1) to “0” to stop the timer 7 counting. 


(2) Set the P1OMDS flag of the port 1 output mode register 
(P1OMD) to “1”, to set the P13 pin to the special 
function pin. 

Set the P1DIR3 flag of the port 1 direction control 
register (P1DIR) to “1” to set the output mode. 
Add pull-up/pull-down resistor if necessary. 
[Chapter 4 I/O port] 


(3) Set the T7IGBTEN flag of the timer 7 mode register 3 
(TM7MD3) to “1” , the TM7PWM flag of the timer 7 
mode register 2 (TM7MD2) to “1” to select IGBT output. 


(4) Set the TM7BCR flag of the TM7MD2 register to “O” to 
select the full count overflow as the clear factor of the 
binary counter. 


(5) Set the external interrupt 0 (IRQO) input as IGBT trigger 
generation factor by the T7IGBT1-0 flag of the 
TM7MDS register. 
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Setup Procedure 


Description 








(6) Select the trigger level 
TM7MD3(x’3F8E’) 
bp4:T7IGBTTR=1 


(7) Select the dead time 
TM7MD4(x’3F6E’) 
bp3:T7NODED =1 


(8) Select the count clock source 
TM7MD1(x’3F78’') 
bp1-0:TM7CK1-0 =00 
bp3-2:TM7PS1-0 =01 


(9) Start the timer operation 
TM7MD1 (x’3F78’) 
bp4: TM7EN= 1 


(6) Set the T7IGBTTR flag of the TM7MD3 register to “1” to 
set the IGBT trigger level to “H’. 


(7) Set the T7NODED flag of the TM7MD4 register to “1” to 
select without dead time. 


(8) Select fosc as the clock source by the TM7CK1 to 0 flag 
of the TM7MD1 register. 
Also, select 1/1 dividing as the count clock source by 
the TM7PS1 to 0 flag. 


(9) Set the TM7EN flag of the TM7MD1 register to “1” to 
enable the operation of the timer 7. After “H” is input to 
the P54, IGBT is output from the P13. 
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6.11 Dead Time IGBT Output 





IGBT output with dead time generates the waveform, inclusive ON or OFF time delay, during the standard IGBT 
signal inversion. And the formed waveform is output through TM7IO and TM8IO pins. Startup trigger can be 
selected by the external interrupt 0, 1 and 2 or starting of the timer 7 count operation. 


6.11.1. Operation 


mM Dead Time IGBT Output Operation (Timer 7) 


Dead time IGBT output can be selected at the T7IGBTEN of the timer 7 mode register 3 (TM7MD3). Also, dead 
time can be set to the dead time preset register 1 and 2 (TM7DEADPR1, 2). Only the timer 7 of 16-bit timer can 
use dead time IGBT output functions. 


@ IGBT Trigger Selection 


IGBT trigger can be selected from IRQO, IRQ1, IRQ2 and the start of the timer 7 count operation. 

Setup should be done at the T7IGBTO and T7IGBT1 flag of the TM7MD3 register. When the startup is controlled 
from external of the micro controller, one of IRQO to IRQ2 should be selected. This trigger detects the input level 
before activation. Either “H” or “L” level can be selected with the T7IGBTTR flag of the TM7MD3 register. 
When “1” is selected, count operation continues while the trigger pin is “H”. When “0” is selected, count opera- 
tion continues while the trigger pin is “L”. 

To control the startup by the commands, TM7EN count operation should be selected. In that case, timer count 
operation or IGBT output are controlled by the TM7EN flag of the TM7MD1 register. When “1” (count opera- 
tion) is selected, count continues counting until “0” (count stop) is set. Make sure to set the TM7IGBTO, | of the 
TM7MD3 register before operating the TM7EN flag of the TM7MD1 register. In that case, setup of T7IGBTTR 
is neglected. The binary counter is cleared as the counting stops. The value is loaded from the preset register to 
the compare register in synchronization with the counter clock. 


mM Dead Time Count 


Dead time counter counts the timer clock source. When the dead time insert is set as rising standard, set the 
period from the falling of TM8IO to the rising of TM7IO to the dead time preset register 1 (TM7DPR1) and the 
period from the falling of TM7IO to the rising of TM8IO to the dead time preset register 2 (TM7DPR2). Dead 
time is inserted for the period of the set value + 1. Only for the period from the IGBT output is enabled by the 
IGBT trigger to the first rising of TM7IO (in the case of the IGBT falling standard), the set value of the 
TM7DPR1 + 2 is inserted to the dead time. (1 count clock should be longer than usually.) 
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™@ Count Timing of Dead Time IGBT Output (Timer 7) 
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Figure:6.11.1 Count Timing of Dead Time IGBT Output (Timer 7) 
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Output waveform of the IGBT with dead time (at falling-edge standard) 

(A)TM7IO="L”, TM8IO="L” until the IGBT trigger is input and become valid. 

(B)After the trigger is input and after 1 count clock falling edge of the next count clock + count clock x (value of 
the dead time preset register 1 + 1) output voltage of TM7IO is increased. 

(C)After the compare matching (the value of the binary counter matches that of TM70C2), and after 1 count 
clock, output voltage of TM7IO is decreased. 

(D)After TM7I0 output voltage is decreased and after count clock x (value of the dead time preset register 2 + 1), 
output voltage of TM8IO is increased. 

(E)After the compare matching (the value of the binary counter matches that of TM7OC1) and after | count 
clock, output voltage of TM8IO is decreased. 

(F)After TM8IO output voltage is decreased and after count clock x (value of the dead time preset register 1 + 1), 
output voltage of TM7IO is increased. 

(G)When IGBT trigger becomes invalid, both TM7IO and TM8IO become “L” right away. 





Set as TM7O0C2 value < TM70C1 value. 
When TM70C2 value > TM7OC1 value, the IGBT output waveform is fixed as P13="L’, 


P12="L” at falling edge standard. 








lowing cases may occur: 

-the value set in the preset register during IGBT operation may not be loaded to the compare 
register. 

-the value set in the dead time preset register during IGBT operation may not be reflected. 


< If IGBT trigger is enabled within 2 cycles of count clock after IGBT trigger is disabled, the fol- 
a 








occur when IGBT trigger is disabled: 

-the value set in the preset register during IGBT operation may not be loaded to the compare 
register. 

-the value set in the dead time preset register during IGBT operation may not be reflected. 


< If the event input (TM7IO) is selected as the count clock source, the following cases may 
a 








entered on the dead time preset register while IGBT operation halt may not be reflected. To 
prevent this, select the system clock (fs) as the count clock source and enter the value on the 
dead time preset register. Then, select the event input (TMnIO) as the count clock source 
and start the IGBT operation. 


< When the event input (TTMnIO) is selected as the count clock source, the value which is 








When IRQO, IRQ1, or IRQ2 is selected as the IGBT trigger, the timing of IGBT operation start 
\ may delay up to 1 count clock. 
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M@ One Shot Pulse Output Setup 


One shot pulse can be output by setting the T7ONESHOT flag of the TM7MD4 register to “1”. 
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Figure:6.11.2 Count Timing of Dead Time IGBT One Shot Pulse Output (Timer 7) 
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6.11.2 Setup Example 


M@ Dead Time IGBT Output Setup Example (Timer 7) 


At the interrupt generation edge of the external interrupt 0 input signal, TM71O and TM8IO output pins output the 
waveform of 1/4 duty IGBT waveform at 200 Hz with 0.01 ms, 0.02 ms dead time by the falling standard using 

the timer 7. Select fosc/1 (at fosc=8.0 MHz) as the clock source. Required period for one IGBT output waveform 
cycle depends on the set value of the compare register 1. “H” period of IGBT output standard waveform depends 
on the set value of the compare register 2. Dead time period depends on the value of the dead time preset register 


1 and 2. 


An example setup procedure, with a description of each step is shown below. 





TM8IO output 
waveform 


0.01ms 0.02 ms 


IGBT trigger 

(P20 input) 

IGBT waveform 

TM7IO output 
waveform : 





0.01 ms 0.02 ms 0.01 ms 
200 Hz 


Figure:6.11.3 Output Waveform of TM7IO Output Pin and TM8IO Output Pin 





Setup Procedure 


Description 





(1) Stop the counter 
TM7MD1(x’3F78) 
bp4:TM7EN =0 


(2) Set the dead time IGBT output operation 
TM7MD2(x’3F79’) 
bp5:TM7BCR =1 
bp6:T7PWMSL =1 


(3) Select IGBT/timer startup factor 
TM7MD3(x’3F8E’) 
bp1-0:TM7IGBT1-0 =01 


(4) Select the interrupt generation valid edge 
TM7MD3(x’3F8E’) 
bp4:T7IGBTTR =0 


(5) Set the dead time edge 
TM7MD3(x’3F8E’) 
bp3:T7IGBTDT =0 








(1) Set the TM7EN flag of the timer 7 mode register 1 
(TM7MD1) to “0” to stop the timer 7 counting. 


(2) Set the TM7BCR flag of the TM7MD2 register to “1” to 
select the TM70C1 compare register match as the 
binary counter clear source. 

Also, set the T7PWMSL flag to “1” to select the 
TM7OC2 compare match as the duty decision source 
of the IGBT output. 


(3) Select the external interrupt 0 (IRQO) input as the IGBT/ 
timer startup factor by the T7IGBT1 to 0 flag of the 
TM7MDS register. 


(4) Set the T7IGBTTR flag of the TM7MD3 register to “1” to 
select the rising edge as the interrupt generation valid 
edge. 


(5) Set the T7IGBTDT flag of the timer 7 mode register 3 
(TM7MDS9) to “O” to select the falling standard as the 
dead time edge. 
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Setup Procedure 


Description 








(6) Set the interrupt level 
IRQOICR(x’3FE2') 
bp7-6:IRQOLV1-0 =10 


(7) Enable the interrupt 
IRQOICR(x’3FE2') 
bp1:IRQIIE =1 


(8) Select the count clock source 
TM7MD1(x’3F78’') 
bp1-0:TM7CK1-0 =00 
bp3-2:TM7PS1-0 =00 


(9) Set the IGBT output cycle 
TM7PR1(x’3F75’, x’3F74') =x’9C3F’ 
bp2:T7ICEN =1 


(10) Set “H” period of the IGBT output 
TM7PR2(x’3F7D", x’3F7C’) =x’2710’ 


(11) Set the dead time 
TM7DPR1(x’3F7E’) = x’50" 
TM7DPR2(x’3F7F’) = x’9F' 


(12) Set the IGBT output 
TM7MD2 (x’3F79’) 
bp4:TM7PWM =1 
TM7MD3 (x’3F8E’) 
bp2:T7IGBTEN =1 
TM8MDS3 (x’3F8F') 
bp2:TM8SEL =1 


(13) Set the special function pin to output 

P1OMD(x’3F1C’) 

bp3: P1OMD3=1 

bp2: NBUZSEL= 1 

bp1: P1OMD2=1 

bp0: BUZSEL=1 

P1DIR (x’3F31') 

bp3: P1DIR3=1 

bp2: P1DIR2=1 





(6) Set the interrupt level by the IRQ1LV1 to 0 flag of the 
IRQOICR register. If any interrupt request flag is 
already set, clear it. 


(7) Set the IRQOIE flag of the IRQOICR register to “1” to 
enable the interrupt. 


(8) Select fosc as the clock source by the TM7CK1 to 0 flag 
of the TM7MD1 register. 
Also, select 1/1 dividing as the count clock source by 
the TM7PS1 to 0 flag. 


(9) Set the IGBT output cycle to the timer 7 preset register 1 
(TM7PR1). To set 200 Hz by dividing 8.0 MHz, set as; 
40000-1=39999 (Ox9C3F’) 

At the same time, the same value is loaded to the timer 
7 compare register 1 (TM7OC1), and the timer 7 binary 
counter (TM7BC) is initialized to 0x0000. 


(10) Set the “H” period of the IGBT waveform to the timer 7 
preset register 2 (TM7PR2). To set 1/4 duty of 40000 
dividing, set as; 
40000/4=10000 (0x2710’) 

At the same time, the same value is loaded to the timer 
7 compare register 2 (TM7O0C2). 


(11) Set the period from the falling of the TM8IO to the rising 
of the TM7IO to the timer 7 preset register 1 
(TM7DEADPR1) and from the falling of the TM7IO to 
the rising of the TM8IO to the timer 7 preset register 2 
(TM7DEADPR2). 

To make dead time which is from the TM7IO falling to 
the TM8IO rising is 0.02 ms and from the TM8IO falling 
to the TM7IO rising is 0.01 ms, set Ox4F to the timer 7 
dead time preset register 1 and Ox9F to the timer 7 
dead timer preset register 2. 


(12) Set T7IGBTEN flag of the timer 7 mode register 3 
(TM7MD3) to “1” to select the dead time IGBT output. 
Set T78SEL flag of the timer 8 mode register 3 
(TM8MD39) to “1” to select the timer 7 IGBT output. 


(13) Set the P1OMD3 flag, NBUZSEL flag, P1OMD2 flag 
and BUZSEL flag of the port 1 output mode register 
(P1OMD) to “1” to set P13 and P12 as the special 
function pins. Set the P1DIR3 flag and P1DIR2 flag of 
the port 1 direction control register (P1DIR) to “1” to set 
the output mode. 

[Chapter 4 1/O Ports] 
Set P13, P12 as the special function pins after setup 
procedures (1) to (13). 
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Setup Procedure 


Description 





(14) Start the timer operation 
TM7MD1(x’3F78’) 
bp4: TM7EN= 1 








(14) Set the TM7EN flag of the TM7MD1 register to “1” to 
operate the timer 7. After “H” is input to P54 pin, IGBT 
is output from P13, P12. 





TM7BC counts up from X’0000. The IGBT output waveform outputs “H” until TM7BC matches the set value of 
the TM70C2 register. Once they match, it outputs “L”. After that, TM7BC continues to count up. Once TM7BC 
value matches the TM7OCI register value to be cleared, the IGBT output waveform outputs “H” and TM7BC 
counts up from X’0000 again. TM7IO pin outputs dead time worth of IGBT output waveform. TM8IO pin out- 
puts dead time worth of inverted IGBT output waveform. 


To output the IGBT output waveform from the large current pin TM7IO, set the special function pin to output 
mode as follows (refer to setup example (2)). Set each of PSOMD1 flag and PSOMD3 flag of the port 5 output 
mode register (PSOMD) to “1” to select P51 pin and P53 pin as the special function pins. Set PSDIR1 and 
PSDIR3 flag of the port 5 direction control register to “1” to set output mode. 
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6.12 16-bit Timer Cascade Connection 


6.12.1 Operation 





Cascading timers 7 and 8 forms a 32-bit timer. 


M 16-bit Timer Cascade Connection Operation (Timer 7 + Timer 8) 


Timer 7 and timer 8 are combined to be a 32-bit timer. Cascading timer is operated at clock source of timer 7 


which are lower 16 bits. 


Table:6.12.1 Timer Function at Cascade Connection 





Timer 7+Timer 8 
(32-bit) 





Interrupt source 


TM8IRQ1,TM8IRQ2 





Timer operation 


O 





Timer pulse output 


O 


(TM8IO output) 





PWM output O 





Synchronous output - 





Clock source fosc 

fosc/2 

fosc/4 

fosc/16 

fs 

fs/2 

fs/4 

fs/16 

TM7IO input 
TM7IO input/2 
TM7IO input/4 
TM7IOi input/16 








fosc:Machine clock (High frequency oscillation) 
fs:System clock [Chapter 2 2.5. Clock Switching] 











*At cascade connection, timer 8 interrupt factor is only counter-clear. 


At cascade connection, the binary counter and the compare register are operated as a 32-bit register. At operation, 
set the TM7EN flag of the lower 16-bit timers to “1” to be operated. Also, select the clock source with the lower 


16-bit timer. Other setup and count timing are the same as the 16-bit timer at independently operation. 
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When timer 7 and timer 8 are used in the cascade connection, timer 8 is used as the interrupt 
request flag. Timer pulse output of timer 7 is “L” fixed output. 


Timer 7 interrupt should be disabled as the interrupt request of timer 7 is generated. 








once that if the loading timing from the preset register to the compare register occurs at the 


< The preset registers (TM7PR1 and TM8PR1, TM7PR2 and TM8PR2) cannot be written at 
* same time as the writing timing of the preset register, the correct data may not be loaded. 
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6.12.2 Setup Example (Timer Operation) 


™ Cascade Connection Timer Setup Example (Timer 7 + Timer 8) 


Setting example of timer function that the interrupt is constantly generated by cascade connection of timer 7 and 


timer 8, as 32-bit timer is shown. An interrupt is generated in every 100000 cycles (40 ms) by selecting source 


clock to fs/2 (fosc=10 MHz, fs=fosc/2). 


An example setup procedure, with a description of each step is shown below. 





Setup Procedure 


Description 





(1) Stop the counter 
TM7MD1 (x’3F78’) 
bp4:TM7EN= 0 
TM8MD1 (x’3F88’) 
bp7:TM8EN = 0 


(2) Select the timer clear source 
TM7MD2 (x’3F88') 
bp5:TM7BCR =1 


(3) Select the normal lower operation 
TM7MD2 (x’3F79') 
bp2:T7ICEN= 0 


(4) Set the cascade connection 
TM8MD3 (x’3F8') 
bp0:TM8CAS=1 


(5) Select the count clock source 
TM7MD1 (x’3F78') 
bp1-0:TM7CK1-0=01 
bp3-2:TM7PS1-0=01 


(6) Set the interrupt generation cycle 
TM7PR1 (x’3F75', x’3F74')=x’869F' 
TM8PR1 (x’3F85', x’3F84')=x’0001' 


(7) Disable the lower timer interrupt 
TM7ICR (x’3FED') 
bp1:TM7IE=0 


(8) Set the upper timer interrupt level 
TMBICR (x’3FF6’') 
bp7-6:TM8LV1-0=10 








(1) Set the TM7EN flag of the timer 7 mode register 
(TM7MD1) to “0” and the TM8EN flag of the timer 8 
mode register (TM8MD1) to “O” to stop the timer 7 and 
the timer 8 counting. 


(2) Set the TM7BCR flag of the TM7MD2 register to “1” to 
select the compare match as the binary counter clear 
source. 


(3) Set the T7ICEN flag of the TM7MD2 register to “O” to 
select the normal timer operation. 


(4) Set the TM8CAS flag of the TM8MD3 register to “1” to 
connect the timer 7 and the timer 8 to the cascade. 


(5) Select fs as the clock source by the TM7CK1 to 0 of the 
TM7MD1 register. Also, select 1/2 of fs as the count 
clock source by the TM7PS1 to 0 flag. 


(6) Set the interrupt generation cycle to the timer 7 preset 
register 1 (TM7PR1) and the timer 8 preset register 
(TM8PR1). (100000 cycles-1). At the same time, the 
same values as the preset registers are loaded to the 
timer 7 compare register 1 (TM7OC1) and the timer 8 
compare register (TM80C1), and the binary counters 
(TM7BC, TM8BC) are initialized to x’0000’. 


(7) Set the TM7IE flag of the timer 7 interrupt control 
register (TM7ICR) to “0” to disable the interrupt. 


(8) Set the interrupt level by the TM8LS1 to 0 flag of the 
timer 8 interrupt control register (TM8ICR). If any 
interrupt request flag is already set, clear it. 
[Chapter 3 3.1.4. Interrupt Flag Setup] 
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Setup Procedure 


Description 





(9) Enable the upper timer interrupt 
TMBICR (x’3FF3') 
bp1:TM8IE=1 


(10) Start the lower timer operation 
TM7MD1 (x’3F78') 
bp4:TM7EN=1 








(9) Set the TMB8IE flag of the TM8ICR register to “1” to 
enable the interrupt. 


(10) Set the TM7EN flag of the TM7MD1 register to “1” to 
operate the timer 7. 





TM7BCL+TM7BCH+TM8BCL+TM8BCH counts up from X’00000000 as a 32-bit timer. 


When TM7BCL+TM7BCH+TM8BCL+TM8BCH reaches the set value of 
TM70C1L+TM70C1H+TM80C1L+TM8OCI1H register, the timer 8 interrupt request flag is set at the next 
count clock and the value of TM7BCL+TM7BCH+TM8BCL+TM8BCH becomes X’00000000 to restart count 


up. 
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6.12.3 Setup Example (PWM Operation) 


™ Cascade Connection PWM Output Setup Example (Timer 7 + Timer 8) 


TMS8IO output pin outputs the 1/10 duty PWM output waveform at 1/60 Hz with the cascade connection of timer 


7 and timer 8, as a 32-bit timer. Select fosc/1 (fosc=8 MHz, at operation) as the clock source. One cycle of the 
PWM output waveform is depending on the set value of the compare register 1. “H” period of the PWM output 
waveform is depending of the set value of the compare register 2. 

An example setup procedure, with a description of each step is shown below. 


Tio output | | | | 


1/60 Hz (60 seconds) 


Figure:6.12.1 Output Waveform of TM8IO Output Pin 





Setup Procedure 


Description 





(1) Stop the counter 
TM7MD1 (x’3F78’) 
bp4:TM7EN=0 
TM8MD1 (x’3F88’) 
bp7:TM8EN=0 


(2) Set the special function pin to output 
P1OMD (x’3F1C’) 
bp1:P1OMD2=1 
bp0:BUZSEL=1 
P1DIR (x’3F31') 
bp2:P1DIR2=1 


(3) Set the cascade connection 
TM8MD3 (x’3F8F') 
bp0:TM8CAS=1 


(4) Set the PWM output 
TM7MD2 (x’3F79') 
bp4:TM7PWM=1 


(5) Set the high precision PWM output operation 
TM7MD2 (x’3F79') 
bp5:TM7BCR=1 
bp6:T7PWMSL=1 


(6) Select the count clock source 
TM7MD1 (x’3F78') 
bp1-0:TM7CK1-0=00 
bp3-2:TM7PS1-0=00 








(1) Set the TM7EN flag of the timer 7 mode register 
(TM7MD1) to “0”, the TM8EN flag of the timer 8 mode 
register (TM8MD1) to “0” to stop the timer 7 and the 
timer 8 counting. 


(2) Set the P10OMD2, BUZSEL flags of the port 1 output 
mode register (P1OMD) to “1” to set the P12 pin as the 
special function pin. 

Set the P1DIR2 flag of the port 1 direction control 
register (P1DIR) to “1” to set the output mode. 
Add pull-up/pull-down register, if necessary. 
[Chapter 4. I/O Ports] 


(3) Set the TM8CAS flag of the TM8MD3 register to “1” to 
connect the timer 7 and the timer 8 to the cascade. 


(4) Set the TM7PWM flag of the timer 7 mode register 2 
(TM7MD2) to “1” to select the PWM output. 


(5) Set the TM7BCR flag of the TM7MD2 register to “1” to 
select the TM70C1 compare match as the binary 
counter clear source. Also, set the T7PWMSL flag to 
“1” to select the TM7OC2 compare match as the duty 
of the PWM output. 


(6) Select fosc as the clock source by the TM7CK1 to 0 flag 
of the TM7MD1 register. 
Also, select 1/1 dividing as the count clock source by 
the TM7PS1 to 0 flag. 
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16-bit Timers 
Setup Procedure Description 

(7) Set the PWM output cycle (7) Set the PWM output cycle to the timer 7 preset register 1 
TM7PRY1 (x’3F75',x’3F74') = x'37FF' (TM7PR1) and the timer 8 preset register 1 (TM8PR1). 
TM8PRI1 (x’3F85',x’3F84') = x’'1C9C' To set 1/60 Hz by dividing 8 MHz, set as; 

480.000.000-1=479.999.999 (x’'1C9C37FF’) 

At the same time, the same values are loaded to the 
timer 7 compare register 1 (TM7OC1) and the timer 8 
compare register 1 (TM80C1), and the timer 7 binary 
counter (TM7BC) and the timer 8 binary counter 
(TM8BC) are initialized to x’0000. 

(8) Set “H” period of the PWM output (8) Set “H” period of the PWM output to the timer 7 preset 
TM7PR2 (x’3F7D',x’3F7C’') = x’6C00' register 2 (TM7PR2) and the timer 8 preset register 2 
TM8PR2 (x’3F8D',x’3F8C’') = x’02DC' (TM8PR2). 

To set 1/10 duty of 480.000.000 dividing, set as; 
480.000.000/10=48.000.000 (x’02DC6C00) 

At the same time, the same values are loaded to the 
timer 7 compare register 2 (TM7OC2) and the timer 8 
compare register 2 (TM80C2). 

(9) Start the timer operation (9) Set the TM7EN flag of the TM7MD1 register to “1” to 
TM7MD1 (x’3F78’') operate the timer 7 and the timer 8. 
bp4:TM7EN=1 
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TM7BCL + TM7BCH + TM8BCL + TM8BCH counts up from X’00000000 as a 32-bit timer. The TM8IO out- 
puts “H” until TM7BCL + TM7BCH + TM8BCL + TM8BCH reaches the set value of the TM70C2L + 
TM70C2H + TM80C2L + TM80CZH register. Once they mach, it outputs “L”. After that, TM7BCL + 
TM7BCH + TM8BCL + TM8BCH continues to count up, once TM70C1L + TM70C1H + TM80CIL + 
TM8OCI1H reaches the TM7BCL + TM7BCH + TM8BCL + TM8BCH register to be cleared, the TM8IO outputs 
“H” again and TM7BCL + TM7BCH + TM8BCL + TM8BCH counts up from X’00000000 again. 





In the initial state of the PWM output, “L” output is changed to “H” output as the PWM output 
is selected by the TM7PWM flag of the TM7MD2 register. 








Set value should be set as; 
< TM7OC2L + TM70C2H + TM8O0C2L + TM8O0C2H < 
® TM70C1L + TM70C1H + TM8OC1L + TM8O0C1H. 
If it is set as; 
TM7O0C2L + TM70C2H + TM8O0C2L + TM80C2H = 
TM7OC1L + TM70C1H + TM8OC1L + TM80C1H, 
the PWM output is a “H’ fixed output. 
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Chapter 7 
Time Base Timer / Free-running Timer 


7.1. Overview 





This LSI has a time base timer and a 8-bit free-running timer (timer 6). 


Time base timer is a 15-bit timer counter. 


7.1.1 Functions 





Table:7.1.1 shows the clock source and the interrupt generation cycle that timer 6 and time base timer 7 can use. 


Table:7.1.1 Clock Source and Generation Cycle 




















fosc X 1/219 
fosc X 1/213 
fosc X 1/215 
fx X 1/27 
fx X 1/28 
fx X 1/29 
fx X 1/210 
fx X 1/218 
fx xX 1/215 





Time base timer wimere 
(8-bit free-running) 
8-bit timer operation x O 
Interrupt TBIRQ TM6IRQ 
Clock source fosc fosc 
fx fx 
fs 
fosc X 1/27 "1 
fosc X 1/219 *4 
fx X 1/2’ *2 
fx X 1/213 *2 
Interrupt generation fosc X 1/27 The interrupt generation 
cycle fose X 1/28 cycle is decided by the 
arbitrary value written to 
fosc X 1/29 TM6OC. 





fosc: Machine clock (High speed oscillation) 

fx: Machine clock (Low speed oscillation) 

fs: System clock [Chapter 2. 2.5 Clock Switching] 

*1 Can be used when a clock source of time base timer is selected to ‘fosc’. 
*2 Can be used when a clock source of time base timer is selected to ‘fx’. 
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1 When ‘fs’ is used as a clock source, it counts at “rising” of the count clock and in other uses, 


it counts “falling” of the count clock. 
a 








ka Count clock source should be changed when the timer interrupt is disabled. 
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Block Diagram 
m@ Timer 6, Time Base Timer Block Diagram 
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Figure:7.1.1 Block Diagram (Timer 6, Time Base Timer) 
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7.2 Control Registers 


Timer 6 consists of binary counter (TM6BC), compare register (TM6OC), and is controlled by mode register 
(TM6MD). Time base timer is controlled by mode register (TM6MD) and time base timer clear register 
(TBCLR). Both timers are operated by the enable signal of the TM6BEN. 


7.2.1 Control Registers 


Table:7.2.1 shows the registers that control timer 6, time base timer. 


Table:7.2.1 Control Registers 






































Register Address Function 

TM6BC Ox03F60 Timer 6 binary counter 

TM6OC 0Ox03F61 Timer 6 compare register 

TM6MD 0x03F62 Timer 6 mode register 

TM6BEN _ | 0x03F64 Timer 6 enable register 

TM6ICR 0x03FEB R/W | Timer 6 interrupt control register Ill-28 
Time base timer | TM6MD 0x03F62 R/W | Timer 6 mode register VII-8 

TBCLR 0x03F63 W Time base timer clear control register VII-6 

TBICR Ox03FEC R/W | Time base interrupt control register Ill-29 
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7.2.2 Programmable Timer Registers 
ae a] 


Timer 6 is a 8-bit programmable counter. 
Programmable counter consists of compare register (TM6OC) and binary counter (TM6BC). 


Binary counter is a 8-bit up-counter. When the TM6CLRS flag of the timer 6 mode register (TM6MD) is “0” and 
the interrupt cycle data is written to the compare register (TM6OC), the timer 6 binary counter (TM6BC) is 
cleared to 0x00. 


@ Timer 6 Binary Counter (TM6BC:0x03F60) 


7 6 5 4 3 2 1 0 
TM6BC7 | TM6BC6 | TM6BC5 | TM6BC4 | TM6BC3 | TM6BC2 | TM6BC1 | TM6BCO 
0 0 0 0 0 0 0 0 
R R R R R R R R 






































m@ Timer 6 Compare Register (TM6O0C:0x03F61) 


7 6 5 4 3 2 1 0 
TM6O0C7 | TM6OC6 | TM6OC5 | TM6OC4 | TM6OC3 | TM6OC2 | TM6OC1 | TM6OCO 
X X X X X X X X 






































Time base timer can be reset its operation by the software. Time base timer can be cleared by writing an arbitrary 
value to the time base timer clear control register (TBCLR). 


Mm Time Base Timer Clear Control Register (TBCLR:0x03F63) 


7 6 5 4 3 2 1 0 
TBCLR7 | TBCLR6 | TBCLR5 | TBCLR4 | TBCLR3 | TBCLR2 | TBCLR1 | TBCLRO 



































W W W WwW W W WwW 





VIl- 6 Control Registers 


Chapter 7 
Time Base Timer / Free-running Timer 


7.2.3 Timer 6 Enable Registers 
—_—_—_SS a a a a SSE] 


This register controls the starting operation of the timer 6 and the time base timer. 


Mm Timer 6 Enable Registers (TM6BEN:0x03F64) 
































Access 


Description 





Time base timer operation control 
0:Stop 
1:Operation 





Timer 6 operation control 
0:Stop 
1:Operation 














< Timer 6 does not start operating unless the TM6EN flag of the TM6BEN register is set to “1”. 








< Time base timer does not start operating unless the TBEN flag of the TM6BEN register is set 
to “1”. 





Control Registers VIL - 7 


Chapter 7 
Time Base Timer / Free-running Timer 


7.2.4 


Timer Mode Registers 


This is readable / writable register that controls timer 6 and time base timer. 


Mm Timer 6 Mode Register (TM6MD:0x03F62) 


7 6 


5 4 3 2 1 0 





At reset 


TM6CLR 


TM6IR2 


TM6IR1 TM6IRO TM6CK3 | TM6CK2 | TM6CK1 | TM6CKO 





Access 








TM6CLRS 




















Description 


Timer 6 binary counter clear selection flag 

0:Enable the initialization of TM6BC as TM6OC is written. 

1:Disable the initialization of TM6BC as TM6OC is written. 

* TMG6IRQ is disable as TM6CLRS = 0, TM6IRQ is enable as TM6CLRS = 1. 





TM6IR2 
TM6IR1 
TM6IRO 


Time base timer interrupt cycle selection 
000:Time base selection clock 1/27 
001:Time base selection clock x 1/28 
010:Time base selection clock x 1/29 
011:Time base selection clock X 1/2'° 
10-:Time base selection clock X 1/2'3 
11-:Time base selection clock X 1/215 





TM6CK3 
TM6CK2 
TM6CK1 


Timer 6 clock source selection 

000:fosc 

001:fs 

010:fx 

011:Synchronous fx 

100:Time base selection clock x 1/2'9 
101:Synchronous time base selection clock x 1/213 


110:Time base selection clock X 1/2” 


111:Synchronous time base selection clock < 1/27 








TM6CKO 





Control Registers 


Time base timer clock source selection 
0:fosc 
1:fx 
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7.3 8-bit Free-running Timer 


7.3.1 Operation 





M@ 8-bit Free-running Timer (Timer 6) 


The generation cycle of the timer interrupt should be set in advance, by the set value of the compare register 
(TM6O0C) and the clock source selection. When the binary counter (TM6BC) reaches the set value of the com- 
pare register, an interrupt request is generated at the next count clock and the binary counter is cleared to restart 
count up from 0x00. 


Table:7.3.1 shows selectable clock source. 


Table:7.3.1 Clock Source at Timer Operation (Timer 6) 



































Clock source One count time 
At fosc=10 MHz At fosc=8.39 MHz At fosc=2 MHz 
fosc 100 ns 119.1 ns 500 ns 
fx 30.5 us 
fs 200 ns 238.3 ns 1000 ns 
fosc X 1/27 12.8 us 15.2 us 64 us 
fose X 1/218 819.2 us 976.4 us 4096 lus 
fx X 1/27 3.9 ms 
ix 172!" 250 ms 





fx = 32.768 KHz 
fs = fosc/2 





fosc = 20 MHz, 8.39 MHz, 2 MHz 
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M@ 8-bit Free-running Timer as a 1 Minute-timer, a 1 Second-timer 


Table:7.3.2 shows the clock source selection and the TM6OC register setup, when a 8-bit free-running timer is 
used as a | minute-timer, a 1 second-timer. 


Table:7.3.2 1 Minute-timer, 1 Second-timer (Timer 6) Setup 




















Oey. Geveralion Clock source TM6OC Register 
1 min fx x 1/218 OxEF 

1s fx x 1/218 0x03 

fx = 32.768 kHz 











When the | minute-timer (1 m.) is set on Table:7.3.2, the bp2 waveform frequency (cycle) of the TM6BC register 
is 1 Hz (1s.). So, that can be used for adjusting the seconds. 


TM6BC 


‘4 Hz(1s)' 


Figure:7.3.1 Waveform of TM6BC Register bp2 (Timer 6) 





< For proper count, count clock should be switched after the timer stops its operation. 
a 
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@ Count Timing of Timer Operation (Timer 6) 


Binary counter counts up with the selected clock source as a count clock. 


Count 
clock 


TM6CLRS 
flag 


Compare 
register 


Binary 
counter 





Interrupt 
request flag 





Figure:7.3.2 Count Timing of Timer Operation (Timer 6) 


1. When any data is written to the compare register as the TM6CLRS flag is “0”, the binary counter is cleared to 
0x00. 


2. Even if any data is written to the compare register as the TM6CLRS flag is “1”, the binary counter is not 
changed. 


3. When the binary counter reaches the value of the compare register as the TM6CLRS flag is “1”, an interrupt 
request flag is set at the next count clock. 


4. When an interrupt request flag is set, the binary counter is cleared to 0x00 and restarts the counting. 


5. Even if the binary counter reaches the value of the compare register as the TM6CLRS flag is “0”, no interrupt 
request flag is set. 
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Time Base Timer / Free-running Timer 





When the binary counter reaches the value in the compare register, the interrupt request flag 
is set and the binary counter is cleared at the next count clock. 

So set the compare register as: 

Compare register setting = (count till the interrupt request -1) 








q 


If the fx input is selected as a clock source and the value of timer 6 binary counter is read out 
at operation, an incorrect value could be read out. To prevent this, select a synchronous fs 
as the count clock source. 








q 


When fx is used to the clock source, the binary counter should be cleared before starting the 
timer operation. Also, when 0x00 is set to the compare register, the synchronous fx should 
be used. 








If the smaller value than the binary counter is set to the compare register at counting opera- 
tion, the binary counter continues counting till overflow. 








q 


When fx and time base selection clock (at time base clock source is selected as fx) are 
selected as clock sources, the binary counter may not be cleared. To prevent this, select a 
synchronous fx and synchronous time base selection clock. 








q 


When a timer interrupt request flag is generated, up to 3 system clock is required for the next 
flag generation. Even if the binary counter reaches the value in the compare register, a timer 
interrupt request flag is not generated. 





Vil- 12 


8-bit Free-running Timer 


Chapter 7 
Time Base Timer / Free-running Timer 


7.3.2 Setup Example 
ea SE] 
@ Timer Operation Setup (Timer 6) 


Timer 6 generates interrupts constantly for timer function. Interrupts are generated in every 250 dividing (25 Us) 
by selecting fs (fs = 10 MHz at operation) as clock source. 


An example setup procedure, with a description of each step is shown below. 





Setup Procedure 


Description 





(1) Enable the binary counter 
TM6MD(0x03F 62) 
bp7 :TM6CLRS =0 


(2) Disable the interrupt 
TM6ICR(0x03FEB) 
bp1:TM6IE =0 


(3) Select the clock source 
TM6MD(0x03F 62) 
bp3-1 :TM6CK3-1 =001 


(4) Set the interrupt generation cycle 
TM6O0C(0x03F61) =0xF9 


(5) Enable the interrupt request 
TM6MD(0x03F 62) 
bp7 :TM6CLRS =1 


(6) Set the interrupt level 
TM6ICR(0x03FEB) 
bp7-6 :TM6LV1-0 =01 


(7) Enable the interrupt 
TM6ICR(0x03FEB) 
bp1 :TM6IE =1 


(8) Start the TM6 operation 
TM6BEN(0x03F64) 
bpO :TM6EN =1 








(1) Set the TM6CLRS flag of the timer 6 mode register 
(TM6MD) to “O”. At the time, the initialization of the 
timer 6 binary counter (TM6BC) is enabled. 


(2) Set the TMG6IE flag of the TM6ICR register to “O” to 
disable the interrupt. 


(3) Clock source can be selected by the TM6CKS3 to 1 flag of 
the TM6MD register. Actually, fx is selected. 


(4) Set the interrupt generation cycle to the timer 6 compare 
register (TM6OC). At that time, TM6BC is initialized to 
0x00. 


(5) Set the TM6CLRS flag of the TM6MD register to “1” to 
enable the interrupt request generation. 


(6) Set the interrupt level by the TM6LV1 to 0 flag of the 
timer 6 interrupt control register (TM6ICR). If the 
interrupt request flag may be already set, clear them. 
[Chapter 3. 3.1.4 Interrupt Flag Setup] 


(7) Set the TM6IE flag of the TM6ICR register to “1” to 
enable the interrupt. 


(8) Set the TM6EN flag of the TM6BEN register to “1” to 
start the timer 6. 








As TM60C is set, TM6BC is initialized to 0x00 to count up. 


When TM6BC matches TM60OC, the timer 6 interrupt request flag is set at the next count clock and TM6BC is 


cleared to 0x00 to restart counting. 
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If the TM6CLRS flag of the TM6MD register is set to “O”, TM6BC can be initialized at every 
rewriting of TM6OC register, but in that state the timer 6 interrupt is disabled. If the timer 6 


interrupt should be used, set the TM6CLRS flag to “1” after rewriting the TM6OC register. 








On the timer 6 clock source selection, if the time base timer output or the time base timer 
synchronous output is selected, the clock setup of time base timer is necessary. 
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7.4. Time Base Timer 


7.4.1 Operation 





Mm Time Base Timer (Time Base Timer) 


Interrupt is constantly generated by a selected clock source and a interrupt generation cycle. Table:7.4.1 shows 


the interrupt cycle is combination with the clock source; 


Table:7.4.1 Selection of Time Base Timer Interrupt Generation Cycle 





Selected clock source 


Interrupt generation cycle 












































fosc fosc X 1/2” 12.8 us 
fosc X 1/28 25.6 us 
fosc X 1/29 51.2 us 
fosc X 1/210 102.4 us 
fosc X 1/213 819.2 us 
fosc X 1/215 3.27 ms 

fx fx X 1/27 3.9 ms 
fx X 1/28 7.8 ms 
fx X 1/29 15.6 ms 
ine ie 31.2 ms 
fx X 1/2'8 250 ms 
fx x 1/215 1s 





fosc = 10 MHz fx = 32.768 kHz 











Time Base Timer 


VII - 


Chapter 7 
Time Base Timer / Free-running Timer 


15 


Chapter 7 
Time Base Timer / Free-running Timer 


@ Count Timing Timer Operation (Time Base Timer) 


The counter counts up with the selected clock source as a counter clock. 


14°13 #12 11°10 9 8 7 6 5 4 3 2 +1 ~=0 
15 


13 10 9 8 7 
1/2 1/2 1/2 1/2 1/2 1/2 





Figure:7.4.1 Count Timing of Timer Operation (Time Base Timer) 


¢ When the selected interrupt cycle is passed, the interrupt request flag of the time base interrupt control register 
(TBICR) is set. 





An interrupt may be generated at switching of the clock source. Enable the interrupt after 
switching the clock source. 








The initialization can be done by writing an arbitrary value to the time base timer clear control 
register (TBCLR). 








When fx is selected as a clock source, the time base timer may not be initialized. For pre- 
\ vention, write twice to the time base timer clear control register (TBCLR). 
1 
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M@ Timer Operation Setup (Time Base Timer) 


An interrupt can be generated constantly with time base timer in the selected interrupt cycle. The interrupt gener- 


ation cycle is fosc x 1/2'3 (1 ms:fosc = 8.192 MHz) to generate interrupts. 
An example setup procedure, with a description of each step is shown below 





Setup Procedure 


Description 





(1) Select the clock source 
TM6MD(0x03F 62) 
bp0 :TM6CKO =0 


(2) Disable the interrupt 
TBICR(Ox03FEC) 
bp1 :TBIE =0 


(3) Select the interrupt generation cycle 
TM6MD(0x03F 62) 
bp6-4 :TM6IR2-0 =100 


(4) Initialize the time base timer 
TBCLR(0x03F63) =0x00 


(5) Set the interrupt level 
TBICR(OxOEFC) 
bp7-6 :TBLV1-0 =01 


(6) Enable the interrupt 
TBICR(Ox03FEC) 
bp1 :TBIE =1 


(7) Start the time base timer operation 
TM6BEN(0x03F 64) 
bp1 :TBEN =1 








(1) Select fosc as a clock source by the TM6CKO flag of the 
timer 6 mode register (TM6MD). 


(2) Set the TBIE flag of the TBICR register to “O” to disable 
the interrupt. 


(3) Select the selected clock X 1/219 as an interrupt 
generation cycle by the TM6IR2 to 0 flag of the TM6MD 
register. 


(4) Write value to the time base timer clear control register 
(TBCLR) to initialize time base timer. 


(5) Set the interrupt level by the TBLV1 to 0 flag of the time 
base interrupt control register (TBICR). If any interrupt 
request flag may be already set, clear them. 

[Chapter 3. 3.1.4 Interrupt Flag Setup] 


(6) Set the TBIE flag of the TBICR register to “1” to enable 
the interrupt. 


(7) Set the TBEN flag of the TM6BEN register to “1” to start 
the time base timer. 








¢ When the selected interrupt generation cycle is passed, the interrupt request flag of the time base interrupt con- 


trol register (TBICR) is set to “1”. 


Time Base Timer 
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Chapter 8 
Remote Control Carrier Functions 


8.1 Overview 





Remote control carrier output functions can generate the carrier wave for the remote control and output. 


8.1.1 Functions 





Table:8.1.1 shows the remote control carrier output functions. 


Table:8.1.1 The remote control carrier output functions. 














Remote control carrier output base timer Timer 0 
selection Timer 3 
Duty selection 1/2 

1/3 

Timer output 
Remote control carrier output enable factor RMOEN 
Remote control carrier output enable "L" level output 


Remote control carrier output 





P14 special function selection Timer 0 
Remote control carrier output 

















< This function is not available in the STOP/HALT mode. 
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8.1.2 Block Diagram 





m@ Remote Control Carrier Output Block Diagram 


Remote control 
career output/ 
TimerO output 


L] 











RMDTYO 
RMDTY1 





Reserved 








oS 
=) =) 
£ 2 
=] =) 
{o) fo) 
fo) oO 
ra ~ 
oO o 
£ = 
FOF 


Figure:8.1.1 Remote Control Carrier Output Block Diagram 
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8.2 Control Registers 


8.2.1 Control Registers 





Table:8.2.1 shows the registers that control the remote control carrier output. 


Table:8.2.1 Control Registers 


Registers Address Function 


0x03F6C Remote control carrier output control register 





0x03F54 Timer 0 mode register 





0Ox03F52 Timer 0 compare register 





0x03F56 Timer 0 prescaler selection register 





0x03F1C Port 1 output mode register 

















0x03F31 Port 1 direction control register 
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8.2.2 Remote Control Carrier Output Control Register 





mM Remote Control Carrier Output Control Register (RMCTR:0x03F6C) 


a CCC CCC 
Ree [Reseed [TGR RROEN [OTT [ OTE [TIS 
- 0 0 0 0 0 0 


At reset - 





Access R/W R/W R/W R/W R/W R/W R/W R/W 


Description 





Reserved | Set always to "0". 





P14 special functions output selection 
TMORM 0:TMOIO 
1:RMOUT 





Remote control carrier output enable 
0:"L" level output 
1:remote control carrier output 





Remote control carrier duty selection 
RMDTY1 | 00:1/2 duty 

RMDTYO_ | 01:1/3 duty 

1-:Timer output 





Remote control carrier base timer selection 
RMBTMS | 0:Timer 0 output selection 
1:Timer 3 output selection 
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8.3 Operations 





8.3.1 Operations 





Remote control carrier output functions can generate the carrier pulse for the remote control. 
M@ Operation of the remote control carrier output 


Remote control carrier can be created by using the output signals of timer O and timer 3. Duty ratio can be 
selected from 1/2, 1/3, Timer output. Remote control carrier output signal is output from the RMOUT pin (P14). 


Timer base cycle 
-_—> 


Timer base cycle 
(Timer output) 
RMOUT 

(1/2 duty) 
RMOUT 

(1/3 duty) 


Figure:8.3.1 Remote Control Carrier Output Signal Duty Ratio 


@ Count Timing of Remote Control Carrier Output Functions 

Timer base cycle 

(Timer output) 

output ON 

pee output OFF | 
RMOUT 

(1/3 duty) 

di 


Figure:8.3.2 Count Timing of Remote Control Carrier Output Functions 


1. Even if the RMOEN flag is switched OFF at the carrier output "H", the carrier wave is held by the synchro- 
nous circuit. 
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When RMOEN flag is changed, the base cycle and the duty selection timer should not be 
changed at the same time, as the carrier pulse may not be output correctly. 








Set the timer output over 1 cycle of the system clock. The remote control carrier output may 
| be executed incorrectly when the timer output is set under 1 cycle. 
a 
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8.3.2 Setup Examples 


™@ Setup Example of the Remote Control Carrier Output Functions (Timer 0, Timer 3) 


The setup examples that 1/3 duty carrier pulse signal is output as 36.7 kHz for "H" period from the RMOUT pin 
with the timer 0 are shown below. The clock source of the timer 0 is selected as fs/2 (at fs = 8 MHz). An example 
setup procedure, with a description of each step is shown below. 


Timer 0 base cycle 
(36.7 kMz) 


<—_ 


Timer O 

base cycle 
RMOUT output 
(1/3 duty) 


Figure:8.3.3 Output Wave of RMOUT Output Pin 





Setup Procedure Description 
(1) Disable the remote control carrier output (1) Set the RMOEN flag of the remote control carrier output 
RMCTR(0x03F6C) control register (RMCTR) to "0" to disable the remote 
bp3 :RMOEN =0 control carrier output. 
(2) Select the base cycle setup timer (2) Set the RMBTMS flag of the RMCTR register to "0" to 
RMCTR(0x03F6C) select the timer 0 as the setup timer of the base cycle. 


bp0 :RMBTMS =0 


(3) Select the carrier output duty (3) Set the RMDTY1, 0 flag of the RMCTR register to "0, 1" 
RMCTR(0x03F6C) to select the duty to 1/3. 
bp2-1 :RMDTY1-0 =01 


(4) Confirm the counter stop (4) Set the TMOEN flag of the timer 0 mode register 
TMOMD(0x03F54) (TMOMD) to "0" to stop counting of the timer 0. 
bp3 :TMOEN =0 


(5) Set the remote control carrier output of the (5) Set the P1OMD4 flag of the port 1 output mode register 


special function pin (P1OMD) to "1" to set P14 pin to the particular function 
P1OMD(0x03F1C) pin. 
bp4 :P1OMD4 =1 Set the P1DIR4 flag of the port 1 direction control 
P1DIR(0x03F31) register (P1DIR) to "1" to set the output mode. 
bp4 :P1DIR4 =1 Set the TMORM flag of the RMCTR register to "1" to 
RMCTR(0x03F6C) select the remote control carrier output. 
bp4 :TMORM =1 

(6) Select the timer general operation (6) Set the TMOPWM flag and the TMOMOD flag of the 
TMOMD(0x03F54) TMOMD register to "0" to select the timer general 
bp4 :TMOPWM =0 operation. 


bp5 :TMOMOD =0 
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Setup Procedure 


Description 





(7) Select the count clock source 
TMOMD(0x03F54) 
bp2-0 :TMOCK2-0 =X01 


(8) Select and enable the prescaler output 
CKOMD(0x03F56) 
bp2-1 :TMOPSC1-0 =X0 
bpO :TMOBAS =1 


(9) Set the base cycle of the remote control 
carrier 
TMOOC(0x03F52) =0x36 


(10) Start the timer operation 
TMOMD(0x03F54) 
bp3 :TMOEN =1 


(11) Enable the remote control carrier output 
RMCTR(0x03F6C) 
bp3 :RMOEN =1 








(7) Select the prescaler output to the clock source by 
the TMOCk2 to 0 of the TMOMD register. 


(8) Select the fs/2 to the prescaler output by the TMOPSC1 
to 0 flag, TMOBAS flag of the timer 0 prescaler 
selection register. 


(9) Set the base cycle of the remote control carrier by 
writing 0x36 to the timer 0 compare register (TMOOC). 
To divide fs=8 MHz to get 1/2 dividing of 36.7 kHz 
(73.4 kHz), the setup value should be 
(fs/2 MHz/73.4 kHz) - 1 = 54 (0x36). 


(10) Set the TMOEN flag of the TMOMD register to "1" to 
start the timer 0. 


(11) Set the RMOEN flag of the RMCTR register to "1" to 
enable the remote control carrier output. 








TMOBC starts the count up from 0x00. As the base cycle pulse that is set at the TMOOC is output from the timer 
0, 1/3 of the remote control carrier pulse signal is output. If the RMOEN flag of the RMCTR register is set to "0", 
the output signal of the remote control carrier pulse is stopped. 
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9.1 Overview 





This LSI has a watchdog timer that is used to detect software processing errors. It is controlled by the watchdog 
timer control register (WDCTR). When an overflow of watchdog timer is generated, a watchdog interrupt 
(WDIRQ) is generated. If the watchdog interrupt is generated twice in a row, it is regarded to be an indication that 
the software cannot execute in the intended sequence; thus, a system reset is initiated by the hardware. 


9.1.1 Functions 
SSS SSS ay] 


Table:9.1.1 shows watchdog timer functions. 


Table:9.1.1 Watchdog Timer Functions 





Watchdog time-out period setup selection 216 of system clock 


2'8 of system clock 
220 of system clock 





Watchdog timer enable Stop 
Operation 
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9.1.2 Block Diagram 





M@ Watchdog Timer Block Diagram 


NRST 
STOP ] 








writeWDCTR I | 


HALT Re 44 Pa oye 
is 1/2 to 1/2 1/2'6 to 1/2 








[> internal reset release 
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internal reset eT at fs/210 | 
| 
WDEN fs/26 _ |MUX 
DLYCTR fs/2? al 
—]0 il 
fs/220 
fs/2'8 | |MUX}——————————_ WD IRQ 
fs/2'6 
































Figure:9.1.1 Block Diagram (Watchdog Timer) 
The watchdog timer is also used as a timer to count the oscillation stabilization wait time. This is used as a watch- 
dog timer except at recovering from STOP mode and at reset releasing. 


The watchdog timer is initialized at reset or at STOP mode, and counts system clock (fs) as a clock source from 


the initial value (0x0000). The oscillation stabilization wait time is set by the oscillation stabilization control reg- 
ister (DLYCTR). 
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9.2 Control Register 


The watchdog timer is formed by the control register (WDCTR). 


9.2.1 Control Registers 





Table:9.2.1 shows the registers that control the watchdog timer. 


Table:9.2.1 Watchdog Timer Control Register Functions 


0x03F02 Watchdog timer control register 





9.2.2 Watchdog Timer Control Register 





The watchdog timer is controlled by the watchdog timer control register (WDCTR). 
M@ Watchdog Timer Control Register (WDCTR:0x03F02) 


Flag Reserved | Reserved | Reserved 
At reset 0 0 0 
































Access 


Description 





Reserved | Set always to "0". 





Watchdog time-out period setup 
WDTS1_ | 00:2'8 of system clock 
WDTSO | 01:2'8 of system clock 
1X:2°9 of system clock 





Watchdog timer enable 
0:Watchdog timer is stopped 
1:Watchdog timer is operated 
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9.3 Operation 





9.3.1 Operation 





The watchdog timer counts system clock (fs) as a clock source. If the watchdog timer is overflowed, the watch- 
dog interrupt (WDIRQ) is generated as non maskable interrupt (NMI). At reset, the watchdog timer is stopped, 
but once the operation is enabled, it cannot be stopped except at reset. The watchdog timer control register 
(WDCTR) sets when the watchdog timer is released or how long the time-out period should be. 


When the watchdog interrupt (WDIRQ) is generated, it is regarded to be an indication that the software cannot 
execute in the intended sequence; thus, a system reset is initiated by the hardware. 





< Once the watchdog timer starts operation, it cannot be stopped 
a 





m Usage of Watchdog Timer 


When the watchdog timer is used, constant clear in program is needed to prevent an overflow of the watchdog 
timer. As a result of the software failure, the software cannot execute in the intended sequence, thus the watchdog 
timer overflows to detect errors. 


Programming of the watchdog timer is generally done in the last step of program debugging. 


HM How to Detect Incorrect Code Execution 








The watchdog timer is executed to be cleared in the certain cycle on the correct code execution. In MN101C78A, 
the watchdog timer detects errors when, 


1. the watchdog timer overflows. 


When the watchdog timer detects any error, the watchdog interrupt (WDIRQ) is generated as a non maskable 
interrupt (NMI). 


M@ How to clear Watchdog Timer 


The watchdog timer can be cleared by writing to the watchdog timer control register (WDCTR). The watchdog 
timer can be cleared regardless of the writing data to the register. The bit-set (BSET) that does not change the 
value is recommended. 
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m@ Watchdog Time-out Period 


The watchdog time-out period is decided by the bp2, 1 (WDTS1-0) of the watchdog timer control register 
(WDCTR) and the system clock (fs). If the watchdog timer is not cleared by the set value, it is regarded as an 
error and the watchdog interrupt (WDIRQ) of the non maskable interrupt (NMJ) is generated. 


The system clock is decided by the CPU mode control register (CPUM). 
[Chapter 2 2.5 Clock Switching] 


The watchdog time-out period is generally decided by the execution time for main routine of the program. The 
period should be set longer than the execution time of main routine divided by natural number (1, 2, -- - -). Set the 
command of the watchdog timer clear to the main routine as the value makes the same cycle. 


Mm Watchdog Timer and CPU Mode 

The relation between the watchdog timer and CPU mode features are as follows; 

1. In NORMAL, IDLE, SLOW mode, the system clock is counted. 

2. The counting is continued regardless of swithching in NORMAL, IDLE, SLOW mode. 
. In HALT mode, the watchdog timer is stopped. 


3 

4. In STOP mode, the watchdog timer is cleared automatically. 
5. In STOP mode, the watchdog interrupt cannot be generated. 
6 


. After recovering from STOP mode, if the detection of the incorrect code execution is valid, the counting is 
executed for the duration of the oscillation stabilization wait time. If the detection is invalid, the counting is 
stopped in the condition that the counting of the oscillation stabilization wait time is proceeded. 


7. After releasing reset, the watchdog timer is cleared automatically and stop counting. 


In the system that uses STOP mode, whether the STOP mode is done or not is generally divided on the program 
execution. However, in this case, the counting value of the watchdog timer differs. 
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9.3.2 Setup Example 
SSS EEE | 


The watchdog timer detects errors. In the following example, the time-out period is set to at x system clock. 
An example setup procedure, with a description of each step is shown below. 


@ Initial Setup Program (Watchdog Timer Initial Setup Example) 








Setup Procedure Description 
(1) Set the time-out period (1) Set the WDTS1-0 flag of the watchdog timer control 
WDCTR(0x03F02) register (WDCTR) to "01" to select the time-out period 
bp2-1:WDTS1-0 =01 to 2'8 x system clock. 
(2) Start the watchdog timer operation (2) Set the WDEN flag of the WDCTR register to start the 
WDCTR(0x03F02) watchdog timer operation. 
bp0:WDEN =1 














M@ Main Routine Program (Watchdog Timer Constant Clear Setup Example) 





Setup Procedure Description 





(1) Set the watchdog timer for the constant clear | (1) Clear the watchdog timer by the cycle from 2'8 x system 


Writing to WOCTR(0x03F02) clock. 

(c.f.,BSET (WDCTR) WDEN The watchdog timer clear should be inserted in the 

(bp0:WDEN=1) main routine, with the same cycle, and to be the set 
cycle. 


The recommended instruction is the bit-set (BSET), 
does not change value, for clear. 














@ Interrupt Service Routine Setup 








Setup Procedure Description 
(1) Set the watchdog interrupt service routine (1) If the watchdog timer overflows, the non maskable 
NMICR(0x03FE1) interrupt is generated. 
TBNZ (NMICR),WDIR,WDPRO Confirm that the WDIR flag of the non maskable 


interrupt control register (NMICR) is “1” on the interrupt 
service routine to manage the suitable execution. 

















The operation just before the watchdog interrupt may be executed wrongly. Therefore, if the 
\ watchdog interrupt is generated, initialize the system. 
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Buzzer 


10.1 Overview 





This LSI has a buzzer. It can output the square wave that multiply by 1/2? to 1/2'* of the high frequency oscilla- 
tion clock, or by 1/23 to 1/24 of the low frequency oscillation clock. 


10.1.1. Functions 





Table:10.1.1 shows the buzzer functions. 


Table:10.1.1 Buzzer Functions 





P12, P13 output Port output 
selection Buzzer output 





Buzzer output fosc/2'4 
frequency selection fosc/213 
fosc/2'2 
fosc/2"! 
fosc/2'° 
fosc/2° 
fx/24 
fx/28 





Oscillation stabilization | fg/o14 
wait cycle selection fg/210 
fs/2° *4 
fs/2? *4 














*1:Do not use at high-speed operation (NORMAL mode). 
Use at slow-speed operation (SLOW mode). 





< When BUZOE flag is set to “O”, buzzer output becomes “Low”. 
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10.1.2 Block Diagram 





M Buzzer Block Diagram 
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Figure:10.1.1 Buzzer Block Diagram 
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10.2 Control Register 


Buzzer is formed by the control register (DLYCTR). 


10.2.1. Registers 





Table: 10.2.1 shows the buzzer control register. 


Table:10.2.1 Buzzer Control Register 


DLYCTR 0x03F03 Oscillation Stabilization Wait Time Control 


Register 





P10MD 0x03F1C Port 1output mode register 
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10.2.2 Oscillation Stabilization Wait Time Control Register (DLYCTR) 





H Oscillation Stabilization Wait Time Control Register (DLYCTR:0x03F03) 


OO 
[Fes [eco [ears [aus [aus oe oe 
0 0 0 0 0 0 - z 


at reset 





Access R/W R/W R/W R/W R/W R/W - 3 


Description 


P12, P13 output selection 
0:Port output 
1:Buzzer output 





Buzzer output frequency selection 
000:fosc/2'4 


001 :fosc/2'3 
010:fosc/2'2 
011:fosc/2"! 
100:fosc/2'° 
101:fosc/29 
110:fx/24 
111:fx/28 





Oscillation stabilization wait period selection 
00:fs/2'4 

01:fs/2'° 

10:f8/2° *1 

11:fs/2? *1 














*1:Do not use at high-speed operation (NORMAL mode). 


Use at slow-speed operation (SLOW mode). 
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10.3 Operation 





10.3.1 Operation 





M@ Buzzer 


Buzzer outputs the square wave, having frequency 1/2? to 1/2! of the high oscillation clock (fosc), or 1/23 to 1/24 
of the low oscillation clock (fx). The BUZS 2, 1, 0 flag of the oscillation stabilization wait control register 
(DLYCTR) set the frequency of the buzzer output. The BUZOE flag of the oscillation stabilization wait control 
register (DLYCTR) sets buzzer output ON / OFF. 


M@ Buzzer Output Frequency 


The frequency of buzzer output is decided by the frequency of the high oscillation clock (fosc) or the low oscilla- 
tion clock (fx) and the bit 6, 5, 4 (BUZS2, BUZS1, BUZSO) of the oscillation stabilization wait control register 
(DLYCTR). 


Table:10.3.1 Buzzer Output Frequency 





























fosc fx BUZS2 BUZS1 BUZSO Buzzer output frequency 

10 MHz - 0 0 0 2.44 kHz 
10 MHz - 0 0 1 4.88 kHz 
10 MHz - 0 1 0 9.76 kHz 
8.39 MHz - 0 1 0 2.05 kHz 
8.39 MHz - 0 1 1 4.1 kHz 
2 MHz - 1 0 0 1.95 kHz 
2 MHz - 1 0 1 3.91 kHz 

- 32 kHz 1 1 0 2 kHz 

- 32 kHz 1 1 1 4 kHz 
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10.3.2 Setup Example 
| 
M@ Setup Example 

Buzzer outputs the square wave of 2 kHz from P12 pin. It is used 8.39 MHz as the high oscillation clock (fosc). 


An example of setup procedure, with a description of each step is shown below. 








Setup Procedure Description 
(1) Set the buzzer frequency (1) Set BUZS2 to BUZSO flag of the oscillation stabilization 
DLYCTR (0x03F03) wait control register (DLYCTR) to "010" to select fosc/ 
bp6-4 :BUZS2-0 =010 21? to the buzzer frequency. 


When the high oscillation clock fosc is 8.39 MHz, the 
buzzer output frequency is 2.05 kHz. 


(2) Set P12 pin (2) Set BUZSEL flag of port 1 output mode register 
P1OMD (0x03F1C) (P1OMD) to "1" to set P12 to special function pin. Set 
bpO :BUZSEL =1 P1DIR2 flag of port 1 direction control register (P1 DIR) 
P1DIR (0x03F31) to "1" to set output mode, then low level is output from 
bp2 :P1DIR2 =1 P12. 

(3) Buzzer output ON (3) Set the BUZSE flag of the oscillation stabilization wait 
DLYCTR (0x03F03) control register (DLYCTR) to "1" to output the square 
bp7 :BUZOE =1 wave of the buzzer output frequency set by P12 pin. 

(4) Buzzer output OFF (4) Set the BUZOE flag of the oscillation stabilization wait 
DLYCTR (0x03F03) control register to (DLYCTR) "0" to clear, and P12 pin 
bp7 :BUZOE =0 outputs low level. 

















When the low oscillation clock (fx) dividing is selected as the buzzer output frequency and 
the buzzer output is switched ON from OFF, the buzzer dividing counter is not cleared unless 
more than 1clock of the low oscillation clock is secured. 


< Setup of the buzzer output ON should be done after setup of the buzzer frequency. 
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11.1 Overview 





This LSI contains a serial interface 0 that can be used for both communication types of clock synchronous and 


UART (duplex). 


Also the used pins can be switched to A (port A: PAO/SBOOA/TXDOA/ANO, PA1/SBIOA/RXDOA/AN1, PA2/ 
SBTOA/AN2) or to B (Port 7: P75/SBOOB/TXDOB/KEY5/SEG2, P76/SBIOB/RXDOB/KEY6/SDA4A/SEG1, 


P77/SBTOB/KEY7/SCL4B/SEGO). 





A and B are omitted. 


C 


On this text, if there are not much difference between port A and port B on the operation, port 





11.1.1. Functions 





Table:11.1.1 shows functions of serial interface 0. 


Table:11.1.1 Serial Interface 0 functions 





Communication style 


Clock synchronous 


UART (duplex) 





















































Interrupt SCOTIRQ SCOTIRQ(on transmission 
completion) 
SCORIRQ(on reception 
completion) 
Pins SBO0,SBIO,SBTO TXDO,RXDO 
3 channels type oO > 
2 channels type O(SBO0,SBT0) O 
1 channel type - TXDO 
Specification of transfer bit count/ Frame __/1 to 8 bits 7 bit +1STOP 
selection 7 bit +2STOP 
8 bit +1STOP 
8 bit +2STOP 
Selection of parity bit - O 
Parity bit control - 0 parity 
1 parity 
odd parity 
even parity 
Selection of start condition O Only "enable start condition" is 
available 
Specification of the first transfer bit O O 
Specification of input edge/ output edge oO . 
SBOO0 output control after final data is H/L/final data hold - 
transferred 
Function in STANDBY mode Only slave reception is available |- 
Internal clock Not divided Divided by 8 
Divided by 8 Divided by 16 
Divided by 16 
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Clock source 


fosc/2 

fosc/4 

fosc/16 
fosc/64 

fs/2 

fs/4 

External clock 
Timer 1 output 
Timer 2 output 


fosc/2 

fosc/4 

fosc/16 
fosc/64 

fs/2 

fs/4 

Timer 1 output 
Timer 2 output 





Maximum transfer rate 





5.0 MHz 





300 kbps 








fosc:Machine clock (High speed oscillation) 
fs:System clock 
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Block Diagram 


11.1.2 


@ Serial interface 0 Block Diagram 
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11.2 Control Registers 


11.2.1 Registers 





Table:11.2.1 shows registers to control serial interface 0. 


Table:11.2.1 Serial interface 0 Control Registers 





















































Register Address Function 
SCOMDO 0x03F91 Serial interface 0 mode register 0 
SCOMD1 Ox03F92 Serial interface 0 mode register 1 
SCOMD2 0x03F93 Serial interface 0 mode register 2 
SCOMD3 0x03F94 Serial interface 0 mode register 3 
SCOSTR O0x03F95 Serial interface 0 status register 
RXBUFO 0x03F96 Serial interface 0 reception data buffer 
TXBUFO 0x03F97 Serial interface 0 transmission data buffer 
SCSEL 0x03F90 Serial interface I/O pins switching control register 
PAODC 0x03F2D Port A Nch open-drain control register 
PADIR 0x03F3A Port A direction control register 
PAPLU Ox03F4A Port A pull-up/pull-down control register 
SCORICR Ox03FEF Serial 0 UART reception interrupt control register 
SCOTICR 0Ox03FFO Serial 0 UART transmission interrupt control register 
R/W:Readable/ Writable 
R:Readable only 
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11.2.2 


Data Buffer Registers 


Serial interface 0 has one each of 8-bit data buffer register for transmission and for reception. 


@ Serial interface 0 Reception Data Buffer (RXBUFO:0x03F96) 


7 


6 


5 


4 


3 


2 


1 


0 





RXBUFO7 


RXBUFO6 


RXBUFO5 


RXBUFO4 


RXBUFO3 


RXBUFO2 


RXBUFO1 


RXBUFOO 





Access 

















@ Serial interface 0 Transmission Data Buffer (TXBUF0O:0x03F97) 


7 


6 


5 


4 


3 





2 





1 








0 





TXBUFO7 


TXBUFO06 


TXBUFO5 


TXBUF04 


TXBUFO03 


TXBUFO02 


TXBUFO1 


TXBUFOO 





X 


X 


X 


X 


X 


X 


X 


X 
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ea aE] 


@ Serial interface 0 Mode Register 0 (SCOMDO0:0x03F91) 


bp 7 6 5 4 3 2 1 0 
Flag SCOCE1 ; : SCODIR | SCOSTE | SCOLNG2 | SCOLNG1 | SCOLNGO 
0 : : 0 0 1 1 1 


Reset 
































Access R/W - ; R/W R/W R/W R/W R/W 


bp Flag Description 


Transmission data output edge 
0:falling 

1:rising 

Reception data input edge 
O:rising 

1:falling 


SCOCE1 





First bit to be transferred 
SCODIR O:MSB first 
1:LSB first 





Start condition selection 
SCOSTE 0:Disabled 
1:Enabled 


Transfer bit 
000:1bit 
001 :2bit 
SCOLNG2 010:3bit 
SCOLNG1 011 :4bit 
SCOLNGO 100:5bit 
101 :6bit 
110:7bit 
111:8bit 
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@ Serial interface 0 Mode Register 1(SCOMD1:0x03F92) 


bp 


7 


6 5 4 3 2 1 


0 





Flag 


SCOIOM 


SCOSBO 


SCOSBTS | SCOSBIS SCOCKM | SCOMST | SCODIV 


SCOCMD 





Reset 


0 


0 0 0 0 0 


0 





Access 





SCOIOM 




















Description 


Serial data input selection 
0:Data input from SBIO (RXDO) 
1:Data input from SBOO (TXDO) 








SCOSBTS 


SBTO pin function selection 
0:Port 
1:Transfer clock I/O 





SCOSBIS 


Serial input control selection 
O:Input "1" 
1:Input serial 





SCOSBOS 


SBO0(TXD0) pin function 
0:Port 
1:Output serial data 





SCOCKM 


Transfer clock dividing selection 
0:Not divided 
1:Divided 





SCOMST 


Clock master/ slave selection 
0:Clock slave 
1:Clock master 





SCODIV 


Transfer clock dividing selection 
0:Devided by 8 
1:Devided by 16 





XI-8 





SCOCMD 


Control Registers 


Synchronous serial/ duplex UART selection 
0:Synchronous serial 
1:Duplex UART 
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@ Serial interface 0 Mode Register 2 (SCOMD2:0x03F93) 


bp 7 6 5 4 3 1 0 
Flag SCOFM1 | SCOFMO | SCOPM1 | SCOPMO | SCONPE SCOBRKF | SCOBRKE 
Reset 0 0 0 0 0 0 0 



































Access R 


Description 


Frame mode specification 
00:7 data bit + 1 stop bit 
01:7 data bit + 2 stop bit 
10:8 data bit + 1 stop bit 
11:8 data bit + 2 stop bit 


SCOFM1 
SCOFMO 





Added bit specification 

Transmission Reception 

SCOPM1 00:Add "0" Check for 0 
SCOPMO 01:Add "1" Check for 1 

10:Add odd parity Check for odd parity 
11:Add even parity Check for even parity 





Parity enable 
SCONPE 0:Enable parity bit 
1:Disable parity bit 








Break status receive monitor 
SCOBRKF _ | 0:Data reception 
1:Break reception 





Break status transmit control 
SCOBRKE 0:Data transmission 
1:Break transmission 
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interface 0 


@ Serial interface 0 Mode Register 3 (SCOMD3:0x03F94) 


bp 


7 


6 3 2 1 0 





Flag 


SCOFDC1 


SCOPSC 


SCOFDCO SCOPSC2 | SCOPSC1 | SCOPSCO 





Reset 


0 


0 0 0 0 





Access 





SCOFDC1 
SCOFDCO 























Description 


Output selection after SBOO final data is transferred 
00:Fix to "1" (High) output 

01:Hold final data 

10:Fix to "0" (Low) output 


11:Reserved 








SCOPSCE 


Prescaler count control 
0:Disable the count 
1:Enable the count 








SCOPSC2 
SCOPSC1 
SCOPSCO 


Control Registers 


Selection clock 
000:fosc/2 

001 :fosc/4 
010:fosc/16 

011 :fosc/64 
100:fs/2 

101:fs/4 
110:Timer 1 output 
111:Timer 2 output 
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M@ Serial interface 0 Status Register (SCOSTR:0x03F95) 


6 5 4 3 2 


1 
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0 





SCOTBS 


SCORBSY | SCOTEMP | SCOREMP | SCOFEF | SCOPEK 


SCOORE 


SCOERE 





0 


0 








SCOTBSY 





R 














Description 


Serial bus status 
0:Other use 
1:Serial transmission in progress 








R 





SCORBSY 


Serial bus status 
0:Other use 
1:Serial reception in progress 





SCOTEMP 


Transmission buffer empty flag 
0:Empty 
1:Full 





SCOREMP 


Reception buffer empty flag 
0:Empty 
1:Full 





SCOFEF 


Framing error detection 
0:No error 
1:Error 





SCOPEK 


Parity error detection 
0:No error 
1:Error 





SCOORE 


Overrun error detection 
0:No error 
1:Error 








SCOERE 


Error monitor flag 
0:No error 
1:Error 
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@ Serial interface I/O pin switching control Register (SCSEL:0x03F90) 


7 


6 5 4 





TEMPSC 
12 


TEMPSC | TEMPSCO | TEMPSCO 
11 





0 


0 








TMPSC12 
TMPSC11 

















Description 


Serial 1 used timer 2 output dividing switching 
X0:Timer 2 output 

01:Timer 2 output divided by 2 

11:Timer 2 output divided by 8 





TMPSC02 
TMPSCO01 


Serial 0 used timer 2 output dividing switching 
X0:Timer 2 output 

01:Timer 2 output divided by 2 

11:Timer 2 output divided by 8 





Serial 4 I/O pin switching 
0:A (P10, P11) 
1:B (P76, P77) 








Serial 1 I/O pin switching 
0:A (P15 to P17) 
1:B (PA4 to PA6) 








Control Registers 


Serial 0 I/O pin switching 
0:A (PAO to PA2) 
1:B (P75 to P77) 
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11.3 Operation 





Serial interface 0 can be used for both clock synchronous and duplex UART. 


11.3.1. Clock Synchronous Serial Interface 





m@ Activation Factor for Communication 


Table: 11.3.1 shows activation factors for communication. At master communication, the transfer clock is gener- 
ated by setting data to the transmission data buffer TXBUF9, or by receiving a start condition. Except during 
communication, the input signal from SBTO pin is masked to prevent operating errors by noise. This mask can be 
released automatically by setting a data to TXBUFO (access to the TXBUFO register), or enabling a start condition 
to the data input pin. Therefore, at slave communication, set data to TXBUFO, or input an external clock after a 
start condition is input. 


However, the external clock should be input after 3.5 transfer clock interval past from the data set to TXBUFO. 
This period is for loading the data from TXBUFO to the internal shift register. 


Table:11.3.1 Synchronous Serial Interface Activation Factor and Cautions 









































Clock Communication type Start condition | Activation factor of communication 
Master Transmission Enabled Set transmission data (*1) 
Disabled Set transmission data(*2) 
Reception Enabled Input start condition(*3) 
or 
Set dummy data(*2) 
Disabled Set dummy data (*2) 
Transmission/Reception | Enabled -(*4) 
Disabled Set transmission data(*2) 
Slave Transmission Enabled Input clock after transmission data is set (*5) 
Disabled Input clock after transmission data is set (*6) 
Reception Enabled Input clock after start condition is input (*7) 
or 
Input clock after dummy data is set (*6) 
Disabled Input clock after dummy data is set (*6) 
Transmission/Reception | Enabled -(*4) 
Disabled Input clock after transmission data is set (*6) 
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After the start condition output, the transfer clock is output after 1 transfer clock interval. 


After setting transmission data/dummy data, the transfer clock should be output after 3.5 transfer 
clock interval at the maximum. The system configuratioin is required so that the transmission data/ 
dummy data are written after the master receives the information of slave data load completion. 


After the start condition input, the transfer clock is output after 2.5 transfer clock interval at the 
maximum. When receiving data continuously, the system configuration is required to notify the 
master of the readout completion. Without the notification, the data before readout may be 
overwritten. 


When the start condition is set to "enable", transmission and reception should not be excuted at the 
same time. 


After setting the transmission data, output the start condition and wait until the master excutes the 
clock input. At the clock input, 1 or more transfer clock interval is required after the start condition 
output. 


At the clock input, 3.5 or more transfer clock interval is required after setting transmission data/ 
dummy data. The system configuration is required to notify the master of the data load completion. 
At the clock input, 0.5 or more transfer clock interval is required after the start condition input. When 
receiving data continuously, the system configuration is required to notify the master of the readout 
completion. Without the notification, the data before readout may be overwritten. 


@ Transfer Bit Setup 


The transfer bit count can be set from | to 8 bits. Set the transfer bit count by the SCOLNG 2 to 0 flag of the 
SCOMDO register (at reset:111). The SCOLNG2 to 0 flag holds the former set value until it is set again. 





munication, set data to TXBUFO or input a clock to SBTO pin after a start condition is input. 


< Except during communication, SBTO pin is masked to prevent errors by noise. At slave com- 
a 








is required to input the external clock. 


< To communicate properly, more than 2.5 transfer clock interval after the data set to TXBUFO 
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@ Start Condition Setup 
The SCOSTE flag of the SCOMDO register sets the start condition whether it is enabled or disabled. 


The start condition is recognized when SCOCE1 flag of SCOMD0 is set to "0" and a clock line (SBTO pin) is "H", 
data line (SBIO pin with 3 lines or SBOO pin with 2 lines) is changed from "H" to "L". Also, it is recognized when 
SCOCE] flag is set to "1" and a clock line (SBTO pin) is "L", data line (SBIO pin with 3 lines or SBOO pin with 2 
lines) is changed from "H" to "L". 


Both the SCOSBOS flag and the SCOSBIS flag of the SCOMD!1 register should be set to "0" before the start condi- 
tion setup is changed. 


When transmission and reception are executed at the same time, set the start condition to "disable" to prevent 
abnormal operation. 


@ First Transfer Bit Setup 
The SCODIR flag of the SCOMD0 register can set the transfer bit. MSB first or LSB first can be selected. 
Mm Transmission Data Buffer 


The transmission data buffer TXBUFO0 is the spare buffer which stores data to be loaded to internal shift register. 
Set the data to be transferred to transmission data buffer TXBUFO, and the data is automatically loaded to internal 
shift register. The data loading takes more than 3 transfer clocks cycles. Data setting to TXBUFO again during 
data loading may not be operated properly. You can determine whether or not data loading is in progress by mon- 
itoring transmission buffer empty flag SCOTEMP of the SCOSTR. SCOTEMP flag is set to "1" when data is set to 
TXBUFO and cleared to "0" when data loading ends. 


(Data set to TXBUFO), 
WwW : ; 


Clock | 7 
(Prescaler output) : 


SCOTEMP 





Clock(SBTO pin) 






Data road period 


Figure:11.3.1 Transmission Data Buffer 


Mm Reception Date Buffer 


The reception data buffer RXBUFO is the spare buffer that pushed the received data in the internal shift register. 
After the communication complete interrupt SCOTIRQ is generated, all data stored in the internal shift register is 
stored to the received data buffer RXBUFO automatically. RXBUFO can store data up to 1 byte. RXBUFO is 
rewritten every time communication is completed. Data of RXBUFO should be read out before the next reception 
is completed. The received data buffer empty flag SCOREMP is set to "1" at the same time SCOTIRQ is gener- 
ated. SCOREMP is cleared to "0" after RXBUFO is read out. 
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mission and reception should not be executed at the same time to prevent abnormal opera- 


< When the start condition is set to "enable" in the clock synchronous communication, trans- 
* tion. 








If the start condition is input to restart during communication, the transmission data is not 
valid. Set the transmission data to TXBUFO again to operate the transmission again. 








RXBUFO is rewritten every time when communication is completed. At continuous communi- 
cation, data of RXBUFO should be read out by the time the next reception completes. 
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MH Transmission Bit Count and First Transfer Bit 


At transmission, when the transfer bit count is 1 bit to 7 bits, the data storing method to the transmission data 
buffer TXBUFO is different depending on the first transfer bit selection. At MSB first, use the upper bits of 
TXBUFO for storing. When the transfer bit count is 6 bits, as shown on Figure:11.3.2, if data "A" to "F" are 
stored to bp2 to bp7 of TXBUF®, the transfer is operated from "F" to "A". At LSB first, use the lower bits of 
TXBUFO for storing. When the transfer bit count is 6 bits, as shown on Figure:11.3.3, if data "A" to "F" are 
stored to bp0 to bp5 of TXBUFO, the transfer is operated from "A" to "F". 




















TXBUFO | F eo B A | 








Figure:11.3.2 Transmission Bit Count and First Transfer Bit (starting with MSB) 





TXBUFO | F E D C B | A 


























Figure:11.3.3 Transmission Bit Count and First Transfer Bit (starting with LSB) 


@ Reception Bit Count and First Transfer Bit 


At reception, when the transfer bit count is 1 bit to 7 bits, the data storing method to the reception data buffer 
RXBUFO is different depending on the first transfer bit. At MSB first, data is stored to the lower bits of 
RXBUFO. When the transfer bit count is 6 bits, as shown on figure Figure:11.3.5, if data "A" to "F" are stored to 
bp0 to bp5 of RXBUFO, the transfer is operated from "F" to "A". At LSB first, data is stored to the upper bits of 
RXBUFO. When the transfer bit count is 6 bits, as shown on Figure:11.3.4, if data"A" to "F" are stored to bp2 to 
bp7 of RXBUFO, the transfer is operated from "A" to "F". 





RXBUFO A B C D E F 


Figure:11.3.4 Reception Bit Count and First transfer Bit (starting with MSB bit) 





RXBUFO | F E D | C B A | | 























Figure:11.3.5 Reception Bit Count and First transfer Bit (starting with LSB bit) 
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HM Continuous Transmission 


This serial interface has a function for continuous communication. If data is set to the transmission data buffer 
TXBUFO during communication, the transmission buffer empty flag SCOTEMP is automatically set to communi- 
cate continuously. Data setup to TXBUFO should be done after the data is loaded to the internal shift register 
before the communication complete interrupt SCOTIRQ is generated. At master communication, suspension of 
communication between the SCOTIRQ generation and the next transfer clock output is 4 transfer clocks. 


M@ Input Edge/ Output Edge Setup 


The SCOCE1 flag of the SCOMDO register sets the output edge of the transmission data and the input edge of the 
reception data. Data at transmission is output at the falling edge of clock as the SCOCE1 flag = "0", and at the ris- 
ing edge of clock as the SCOCE1 = "1". Data at reception is input at the rising edge of clock as the SCOCE1 = "0", 
and at the falling edge of clock as the SCOCE]1 flag = "1". 


Table:11.3.2 Transmission Data Output Edge and Reception Data Input Edge 





SCOCE1 Transmission data output edge Reception data input edge 





0 





a _ 
_ e a 
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M@ Clock Setup 


Clock source is selected from the dedicated prescaler and timers 1, 2 output (2 channels) with the SCOPSC2 to 0 
of the SCOMD3 register. The dedicated prescaler is started by selecting "count enable" with the SCOPSCE flag of 
the SCOMD3 register. The SCOMST flag of the SCOMD1 register can select the internal clock (clock master), or 
the external clock (clock slave). Even if the external clock is selected, set the internal clock that has the same 
clock cycle or lower to the external clock by the SCOMD3 register as the interrupt flag SCOTIRQ is generated by 
the internal clock. The following is the internal clock source that can be set by the SCOMD3 register. Also, the 
SCOCKM flag of the SCOMD! register can divide the internal clock. SCODIV flag can select the dividing ratio 
between "divided by 8" and "divided by 16". 


Table:11.3.3 Synchronous Serial Interface Internal Clock Source 





Serial Interface 0 





Clock source fosc/2 
(internal clock) 





fosc/4 





fosc/16 





fosc/64 





fs/2 





fs/4 





Timer 1 output 





Timer 2 output 





Timer 2 output/2 














Timer 2 output/8 








Set always the SCOSBIS flag and SCOSBOS flag of the SCOMD1 register to "0" before 
\ switching the clock setup. 








munication, the system configuration is required to notify the master of the readout comple- 


< When the slave reception is executed with the start condition "enable" at the continuous com- 
* tion. Without the notification, the data before readout may be overwritten. 
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@ Pin Switching 


Used pin can be switched to A (SBOOA, SBIOA, SBTOA) or B (SBOOB, SBIOB, SBTOB) by the SCOSL flag of 
the SCSEL register. 


@ Data Input Pin Setup 


3 channels type (clock pin: SBTO pin, data output pin: SBOO pin, data input pin: SBIO pin) or 2 channels type ( 
clock pin: SBTO pin, data I/O pin: SBOO pin) can be selected as a communication mode. SBIO pin can be used 
only for serial data input. SBOO pin can be selected as serial data input or output. Whether the serial data is input 
from SBIO pin or SBOO pin, it can be selected by the SCOIOM flag of the SCOMD1 register. When "data input 
from SBOO pin" is selected to set the 2 channels type, transmission/ reception can be switched by the SBOO pin 
direction control. For SBOOA pin, it can be done by the PADIR2 flag of the PADIR register, for SBOOB pin, by 
the P7DIRS flag of the P7DIR. At this time, SBIO pin can be used as a general port, too. 





The transfer speed should be up to 5.0 MHz. If the transfer clock is over 5.0 MHz, the trans- 
| mission data may not be sent correctly. 








At reception, if SCOIOM of the SCOMD1 register is set to "1" and "serial data input from 
SBO0" is selected, SBIO pin can be used as a general port. 





Mm Reception Buffer Empty Flag 


After reception is completed (SCOTIRQ is generated), data is automatically stored to RXBUFO from the internal 
shift register. If data is stored to the shift register RXBUFO when the SCOSBIS of the SCOMD!1 register is set to 
"serial input", the reception buffer empty flag SCOREMP of the SCOSTR register is set to "1". This indicates that 
the reception data is going to be read out. SCOREMP is cleared to "0" by reading out the data of RXBUFO. 


M@ Transmission Buffer Empty Flag 


During the communication (after the data is loaded to the internal shift register and before the communication 
complete interrupt SCOTIRQ is generated) if any data is set to TXBUFO again, the transmission buffer empty flag 
SCOREMP of the SCOSTR register is set to "1". This indicates that the next transmission data is going to be 
loaded. Data is loaded to the internal shift register from TXBUFO by generation of SCOTIRQ, and the next trans- 
fer is started as SCOTEMP is cleared to "0". 


@ Overrun Error and Error Monitor Flag 


After reception complete, if the next data has already been received before reading out of the data of the received 
data buffer RXBUFO, overrun error is generated and the SCOORE flag of the SCOSTR register is set to "1". At 
the same time, the error monitor flag SCOERE is set to indicate a reception error. The SCOERE flag is cleared 
after the data of RXBUFO is read out and the next communication complete interrupt SCOTIRQ is generated. 
SCOERE is cleared as SCOORE flag is cleared. These error flags have no effect on communication operation. 


™@ Reception BUSY Flag 


When the SCOSBIS flag of the SCOMD1 register is set to “serial data input’ and the data is set to TXBUFO, or the 
start condition is recognized, the BUSY flag SCORBSY of the SCOSTR register is set to "1". The flag is cleared 
to “O” after the communication complete interrupt SCOTIRQ is generated. During continuous communication, the 
SCORBSY flag is always set. If the transmission buffer empty flag SCOTEMP is cleared to "0" as the communi- 
cation complete interrupt SCOTIRQ is generated, SCORBSY is cleared to "0". If the SCOSBIS flag is set to "0" 
during communication, the SCORBSY flag is cleared to "0". 
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™@ Transmission BUSY Flag 


When the SCOSBOS flag of the SCOMD1 register is set to “serial data output” and the data is set to TXBUFO, or 
the start condition is recognized, the SCOTBUSY flag of the SCOSTR register is set if the SCOSBOS flag of the 
SCOMD1 register is “1”. The flag is cleared to “O” after the communication complete interrupt SCOTIRQ is gen- 
erated. During continuous communication, the SCOTBSY flag is always set. If the transmission buffer empty flag 
SCOTEMP is cleared to "0" as the communication complete interrupt SCOTIRQ is generated, SCOTBSY is 
cleared to "0". If the SCOSBOS flag is set to "0" during communication, the SCOTBSY flag is cleared to "0". 


HM Forced Reset 


This serial interface contains forced reset for abnormal operation. For forced reset, the SCOSBOS flag and the 
SCOSBIOS flag of the SCOMD1 register should be set to "0" (SBOO pin: port, input data:"1" input). 


At forced reset, the status register (the SCOBRKF flag of the SCOMD?2 register, all flags of the SCOSTR register) 
are initialized as they are set at reset, but the control register holds the set value. 


H Last Bit of Transmission Data 


Table: 11.3.4 shows the data output holding period of the last bit at transmission, and the minimum data input 
period of the last bit at reception. At slave, the internal clock should be set up to keep the data hold time at trans- 
mission. 


Table:11.3.4 Last Bit Data Length of Transfer Data 





The last bit data holding period at transmission | The last data input period at reception 





At master 1 bit data length 1 bit data length (Minimum) 





At slave [1 bit data length of external clock x 1/2] + 
[internal clock cycle x (1-2)] 

















When start condition is disabled (at SCOSTE flag = 0), the SBOO output after the data output holding period of the 
final bit can be set by the setting value of the SCOFDC1 to 0 flag of the SCOMD3 register, as shown on 
Table:11.3.5 


After releasing the reset, despite the setting value of the SCOFDC1 to 0 flag, output before the serial transfer is 
"H". When start condition is enabled (at SCOSTE flag = 1), despite the setting value of the SCOFDC1 to 0, "H" is 
output. 


Table:11.3.5 SBOO Output after the Data Output Holding Period of the Last Bit (without start condition) 

















SBOO output after the data 
SCOFDC1 flag SCOFDCO flag output holding period of the 
last bit 
0 0 Fixed to "1"(High) output 
1 0 Last data holding 
0 1 Fixed to "0"(Low) output 
{ 1 Reserved 
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@ Other Control Flag Setup 


Table:11.3.6 shows the flags that do not required to be set or monitored as the flags are not used at clock synchro- 
nous communication. 


Table:11.3.6 Other Control Flag 






































Register Flag Detail 
SCOMD2 SCOBRKE Break status transmission control 
SCOBRKF Break status reception monitor 
SCONPE Parity enable 
SCOPM1 to 0 Added bit specification 
SCOFM1 to 0 Frame mode specification 
SCOSTR SCOPEK Parity error detection 
SCOFEF Frame error detection 
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Mm Transmission Timing 





At master At slave 
Tmax=2.5T T 9 T Tmax=2T - 
-_= : —_—_—>: 

Clock 

(SBTO pin) 

Output pin 

(SBOO pin) 


Transfer bit 
counter 


SCO TBSY 





(Data set to TXBUFO) 
Interrupt(SCOTIRQ) | 


Figure:11.3.6 Transmission Timing (at falling edge, start condition is enabled) 


At master 


At slave 
Tmax=3.5T T Tmax=2T 
Clock 
(SBTO pin) 
Output pin 
(SBOO pin) 


Transfer bit 





counter 
SCO TBSY 
(Data set to TXBUFO) 
Interrupt(SCOTIRQ): 





Figure:11.3.7 Transmission Timing (at falling edge, start condition is disabled) 
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At master At slave 
Tmax=2.5TT oT Tmax=2T 





= >_<! tt > 


Clock(SBTO pin) 


Output pin 
(SBOO pin) 


Transfer bit 
counter 





SCOTBSY 





(Data set to TXBUFO) 


Interrupt 
(SCOTIRQ) 





Figure:11.3.8 Transmission Timing (at rising edge, start condition is enabled) 


At master At slave 
Tmax=3.5T TT | Tmax=2T, 
——_>~=—_> —P 
Clock 
(SBTO pin) 
Output pin 
(SBOO pin) 


Transfer bit 
counter 





SCOTBSY 





(Data set to TXBUFO) A 


Interrupt 
(SCOTIRQ) 





Figure:11.3.9 Transmission Timing (at rising edge, start condition is disabled) 
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Mm Reception Timing 


Clock 
(SBTO pin) 


Input pin 
(SBIO, SBOO pin) 


Transfer bit 
counter 


SCORBSY 


Interrupt 
(SCOTIRQ) 





Figure:11.3.10 Reception Timing (at rising edge, start condition is enabled) 


At master 
Tmax=3.5T T 
Clock 
(SBTO pin) 
Input pin 


(SBIO, SBOO pin) 


Transfer bit 
count 


SCORBSY 





(Data set to TXBUFO) 


Interrupt 
(SCOTIRQ) 


Figure:11.3.11 Reception Timing (at rising edge, start condition is disabled) 
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Clock 
(SBTO pin) 


Input pin 
(SBIO, SBOO pin) 


Transfer bit 
counter 





SCORBSY 





Interrupt(SCOTIRQ) 





Figure:11.3.12 Reception Timing (at falling edge, start condition is enabled) 


At master 
Tmax=3.5T TT 


Clock 
(SBTO pin) 


Input pin 
(SBIO, SBOO pin) 


Transfer bit 
counter 





SCORBSY 





(Data set to TXBUFO) 4 
Interrupt(SCOTIRQ) 





Figure:11.3.13 Reception Timing (at falling edge, start condition is disabled) 
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M@ Transmission/ Reception Timing 


As data is received at the opposite edge of the transmission clock, set the polarity of reception data input edge to 
opposite polarity of the transmission data output edge. 


When transmission and reception are executed at the same time, set the start condition to "disable" to prevent 
abnormal operation. 


SBTO pin 






Data is received at the rising edge of clock. 


SBIO pin 


Data is output at the falling edge of clock. 


Figure:11.3.14 Transmission/ Reception Timing (Reception:at rising edge, Transmission:at falling edge) 


SBTO pin 






Data is received at the rising edge of clock. 


SBIO pin 


Data is output at the falling edge of clock. 


SBOO0 pin 


Figure:11.3.15 Transmission/ Reception Timing (Reception:at falling edge, Transmission:at rising edge) 
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Communication Function at Standby Mode 


This serial interface is capable of slave reception in STANDBY mode. CPU operation status can be recovered 
from standby to normal by the communication complete interrupt SCOTIRQ that is generated after the slave 
reception. 


(In STANDBY mode, continuous reception is disabled after data of transfer bit count set by SCOLNG2-0 flags of 
the SCOMD0 register is received.) The received data should be read out from the received data buffer RXBUFO 


after recovering to NORMAL mode. 


In 


STANDBY mode, reception with start condition is not available, thus, disable start condition. And set dummy 


data to tramsmission data buffer TXBUFO before transition to STANDBY mode. 
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Figure:11.3.16 Reception Timing at Standby Mode (Reception:at rising edge, start condition is disabled) 
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Table: 11.3.7 shows the setup for synchronous serial interface pin with 3 channels (SBOO pin, SBIO pin, SBTO 
pin) at transmission. 


Table:11.3.7 Setup for Synchronous Serial Interface Pin (with 3 channels, at transmission) 













































































PAPLU(PAPLUO)/ 
P7PLU(P7APLUS) 








Setup item Data output pin Data input pin Clock I/O pin 
SBOOA pin/ SBIOA pin SBTO pin/ SBTOB pin 
SBOOB pin SBIOB pin Clock master Clock slave 

SCOSCMD1(SCOMST) 

Port pin PAO/P75 PA1/P76 PA2/P77 

Port pin setup Select pin (A, B) 

SCSEL (SCOSL) 

Serial data input | SBIO - 

selection SCOMD1(SCOIOM) 

Function Serial data output "4" input Transfer clock I/O Transfer clock I/O 
SCOMD1(SCOSBOS) | SCOMD1(SCOSBIS) |SCOMD1(SCOSBTS) 

Style Push-pull/ Nch open- | - Push-pull/ N-ch open- | Push-pull/ N-ch open- 
drain drain drain 
PAODC(PAODCO0)/ PAODC(PAODC2)/P70DC(P70DC7) 
P7ODC(P70DC5) 

VO Output mode - Output mode Input mode 
PADIR(PADIRO)/ PADIR(PADIR2)/P7DIR(P7DIR7) 
P7DIR(P7DIRS5) 

Pull-up setup Added/ Not added - Added/ Not added Added/ Not added 








PAPLU(PAPLU2)/P7PLU(P7PLU7) 
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@ Pins Setup (with 3 channels, at reception) 


Table: 11.3.8 shows the setup for synchronous serial interface pin with 3 channels (SBOO pin, SBIO pin, SBTO 


pin) at reception. 


Table:11.3.8 Setup for Synchronous Serial Interface Pin (with 3 channels, at reception) 







































































Setup item Data output pin Data input pin Clock I/O pin 
SBOOA pin/ SBIOA pin SBTOA pin/ SBTOB pin 
SBOOB pin SBIOB pin Clock master Clock slave 
SCOSCMD1(SCOMST) 
Port pin PAO/P75 PA1/P76 PA2/P77 
Port pin setup Select pin (A, B) 
SCSEL (SCOSL) 
Serial data input | SBIO - 
selection SCOMD1(SCOIOM) 
Function Port Serial input Transfer clock I/O Transfer clock I/O 
SCOMD1(SCOSBOS) | SCOMD1(SCOSBIS) |SCOMD1(SCOSBTS) 
Style - - Push-pull/ N-ch open- | Push-pull/ N-ch open- 
drain drain 
PAODC(PAODC2)/P70DC(P70DC7) 
/O - Input mode Output mode Input mode 
PADIR(PADIR1) PADIR(PADIR2)/P7DIR(P7DIR7) 
P7DIR(P7DIR6) 
Pull-up setup - - Added/ Not added Added/ Not added 








PAPLU(PAPLU2)/P7PLU(P7PLU7) 
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Table: 11.3.9 shows the setup for synchronous serial interface pin with 3 channels (SBOO pin, SBIO pin, SBTO 
pin) at transmission / reception. 


Table:11.3.9 Setup for Synchronous Serial Interface Pin (with 3 channels, at transmission / reception) 










































































PAPLU(PAPLUO) 
P7PLU(P7PLUS5) 








Setup item Data output pin Data input pin Clock I/O pin 
SBOOA pin SBIOA pin SBTOA pin/SBTOB pin 
SBOOB pin SBIOB pin Clock master Clock slave 

SCOSCMD1(SCOMST) 

Port pin PAO/P75 PA1/P76 PA2/P77 

Port pin setup Select pin (A, B) 

SCSEL (SCOSL) 

Serial data input | SBIO - 

selection SCOMD1(SCOIOM) 

Function Serial data output Serial input Transfer clock I/O Transfer clock I/O 
SCOMD1(SCOSBOS) | SCOMD1(SCOSBIS) |SCOMD1(SCOSBTS) 

Style Push-pull/ N-ch - Push-pull/ N-ch open- | Push-pull/ N-ch open- 
open-drain drain drain 
PAODC(PAODCO) PAODC(PAODC2) 

P7ODC(P70DC5) P7ODC(P70DC7) 

VO Output mode Input mode Output mode Input mode 

PADIR(PADIRO) PADIR(PADIR1) PADIR(PADIR2) 
P7DIR(P7DIR5) P7DIR(P7DIR6) P7DIR(P7DIR7) 
Pull-up setup Added/ Not added - Added/ Not added Added/ Not added 








PAPLU(PAPLU2) 
P7PLU(P7PLU7) 
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@ Pins Setup (with 2 channels, at transmission) 


Table: 11.3.10 shows the setup for synchronous serial interface pin with 2 channels (SBOO pin, SBTO pin) at trans- 


mission. SBIO pin can be used as a port. 


Table:11.3.10 Setup for Synchronous Serial Interface Pin (with 2 channels, at transmission) 













































































PAPLU(PAPLUO) 
P7PLU(P7PLU5) 








Setup item Data output pin Serial unused pin Clock I/O pin 
SBOOA pin SBIOA pin SBTOA pin/ SBTOB pin 
SBOOB pin SBIOB pin Clock master Clock slave 

SCOSCMD1(SCOMST) 

Port pin PAO/P75 PA1/P76 PA2/P77 

Port pin setup _| Select pin (A, B) 

SCSEL (SCOSL) 

Serial data input | SBOO 2 

selection SCOMD1(SCOIOM) 

Function Serial data input "4" input Transfer clock I/O Transfer clock I/O 
SCOMD1(SCOSBOS) |SCOMD1(SCOSBIS) | SCOMD1(SCOSBIS) 

Style Push-pull/ N-ch open- | - Push-pull/ N-ch open- | Push-pull/ N-ch open- 
drain drain drain 
PAODC(PAODCO) PAODC(PAODC2) 

P7ODC(P70DC5) P7ODC(P70DC7) 

VO Output mode - Output mode Input mode 

PADIR(PADIRO) PADIR(PADIR2) 
P7DIR(PADIRS5) P7DIR(P7DIR7) 
Pull-up setup Added/ Not added - Added/ Not added Added/ Not added 








PAPLU(PAPLU2) 
P7PLU(P7PLU7) 
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Table:11.3.11 shows the setup for synchronous serial interface pin with 2 channels (SBOO pin, SBTO pin) at 
reception. SBIO pin can be used as a port. 


Table:11.3.11 Setup for Synchronous Serial Interface Pin (with 2 channels, at reception) 













































































Setup item Data output pin Serial unused pin Clock I/O pin 
SBOOA pin SBIOA pin SBTOA pin/ SBTOB pin 
SBOOB pin SBIOB pin Clock master Clock slave 
SCOSCMD1(SCOMST) 
Port pin PAO/P75 PA1/P76 PA2/P77 
Port pin setup Select pin (A, B) 
SCSEL (SCOSL) 
Serial data input SBOO - 
selection SCOMD1(SCOIOM) 
Function Port Serial input Transfer clock I/O Transfer clock I/O 
SCOMD1(SCOSBO | SCOMD1(SCOSBIS) | SCOMD1(SCOSBIS) 
S) 
Style - - Push-pull/ N-ch Push-pull/ N-ch 
open-drain open-drain 
PAODC(PAODC2) 
P7ODC(P70DC7) 
/O Input mode - Output mode Input mode 
PADIR(PADIRO) PADIR(PADIR2) 
P7DIR(P7DIR5) P7DIR(P7DIR7) 
Pull-up setup - - Added/ Not added Added/ Not added 








PAPLU(PAPLU2) 
P7PLU(P7PLU7) 
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11.3.2 Setup Example 
—— aioe] 
™@ Transmission / Reception Setup Example 


The setup example for clock synchronous serial communication with serial 0 is shown. Table:11.3.12 shows the 
conditions at transmission / reception. 


Table:11.3.12 Setup Examples for Synchronous Serial Interface Transmission / Reception 





















































Setup item Set to 

Serial data input pin Select SBIO (3 channels) 
Transfer bit count 8 bit 

Start condition None 

First transfer bit MSB 

Input edge Falling edge 
Output edge Rising edge 
Clock Clock master 
Clock source fs/2 

Clock source dividing Not divided 

Pin A (port A) 
SBTO0/SBO0 pin style Nch open-drain 
SBTO pin pull-up resistor Added 

SBOO0 pin pull-up resistor Added 

serial 0 communication complete Enable 
interrupt 

SBOO output after last data output "4"(H) fix 








An example setup procedure, with a description of each step is shown below. 








Setup Procedure Description 
(1) Select the prescaler operation (1) Set the SCOPSCE flag of the SCOMD3 register to "1" to 
SCOMD3(0x03F94) select "prescaler operation". 


bp3 :SCOPSCE =1 


(2) Select the clock source (2) Set the SCOPSC2 to 0 flag of the SCOMD3 register to 
SCOMD3(0x03F94) "100" to select the fs/2 as the clock source. 
bp2-0 :SCOPSC2-0 =100 


(3) SBOOA output control after the last data is (3) Set the SCOFDC1 to 0 flag of the SCOMD3 register to 
output "00" to select "1" (High) fix of the SBOO last data 
SCOMD3(0x03F94) output. 
bp7,6 :SCOFDC1-0 =00 
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Setup Procedure 


Description 








(4) Select the pin 
SCSEL(0x03F90) 
bp :SCOSL =0 


(5) Control the pin style 
PAODC(0x03F2D) 
bp2:PAODC2=1 
bp0:PAODCO=1 
PAPLU(0x03F4A) 
bp2:PAPLU2=1 
bp0:PAPLUO=1 


(6) Control the pin direction 
PADIR(0x03F3A) 
bp2 :PADIR2 =1 
bp1 :PADIR1 =0 
bp0O :PADIRO =1 


(7) Set the SCOMDO register 
Select the transfer bit count 
SCOMDO0(0x03F91) 
bp2-0 :SCOLNG2-0 =111 
Select the start condition 
SCOMDO0(0x03F91) 
bp3 :SCOSTE =0 
Select the first bit to be transferred 
SCOMDO0(0x03F91) 
bp4 :SCODIR =0 
Select the transfer edge 
SCOMDO0(0x03F91) 
bp7 :SCOCE1 =1 


(8) Set the SCOMD1 register 
Select the communication style 
SCOMD1(0x03F92) 
bp0 :SCOCMD =0 


Select the transfer clock 
SCOMD1(0x03F92) 

bp2 :SCOMST =1 

bp3 :SCOCKM =0 


Select the transfer clock 
SCOMD1(0x03F92) 

bp4 :SCOSBOS =1 

bp5 :SCOSBIS =1 

bp6 :SCOSBTS =1 

bp7 :SCOIOM =0 


(9) Set the interrupt level 
SCOTICR(0x03FF0) 
bp7-6 :SCOLV1-0 =10 





(4) Set the SCOSL flag of the SCSEL register to "0" to select 
A (port A) as I/O pin. 


(5) Set the PAODC2,PAODCO flag of the PAODC register 
to "1,1" and select Nch open-drain to SBOO/SBTO0 pin. 
Set the PAPLU2,PAPLUO flag of the PAPLU register to 
"1,1" to enable the pull-up resistor. 


(6) Set the PADIR2, PADIRO flag of the Port A pin direction 
control register (PADIR) to "1,1" and the PADIR1 flag to 
"0" to set PA2, PAO to the output mode, PA1 to the 
input mode. 


(7) Set the SCOLNG2 to 0 flag of the serial 0 mode register 
0 (SCOMDO) to "111" to set the transfer bit count as "8 
bits". 


Set the SCOSTE flag of the SCOMDO register to "0" to 
disable the start condition. 


Set the SCODIR flag of the SCOMDO register to "0" to 
set MSB as a transfer first bit. 


Set the SCOCE1 flag of the SCOMDO register to "1" to 
set the reception data input edge "falling" and the 
transmission data output edge "rising". 


(8) Set the SCOCMD flag of the SCOMD1 register to "0" to 
select the synchronous serial. 


Set the SCOMST flag of the SCOMD1 register to "1" to 
select the clock master (internal clock). 

Set the SCOCKM flag to "0" to select "not divided" for 
the clock source. 


Set the SCOSBOS, SCOSBIS, SCOSBTS flag of the 
SCOMD1 register to "1" to set the SBOO pin to the 
serial data output, the SBIO pin to the serial input, SBTO 
pin to the transfer clock input/output. Set the SCOIOM 
flag "0" to set the serial data input from the SBIO pin. 


(9) Set the interrupt level by the SCOTLV1 to 0 flag of the 
serial 0 UART transmission interrupt control register 
(SCOTICR). 
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Setup Procedure 


Description 





(10) Enable the interrupt 
SCOTICR(0x03FFO0) 
bp1 :SCOTIE =1 
bp0O :SCOTIR =0 


(11) Start the serial transmission 
Transmission data — TXBUF0O(0x03F97) 
Received data > input SBIO pin 








(10) Set the SCOTIE flag of the SCOTICR register to "1" to 
enable the interrupt. 
If any interrupt request flag (SCOTIR of the SCOTICR 
register) is already set, clear SCOTIR before the 
interrupt is enabled. 


(11) Set the transmission data to the serial transmission 
data buffer TXBUFO. The transmission or reception is 
started by the internal clock generation. When the 
transmission is finished, the serial O UART 
transmission interrupt SCOTIRQ is generated. 
[Chapter 3. 3-1-4 Setup] 





Note: Procedures (1) to (3), (5), (6), (7) to (8) can be set at the same time. 
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The setup example for clock synchronous serial communication with serial 0 is shown. Table:11.3.12 shows the 


conditions at Reception. 


Table:11.3.13 Setup Examples for Synchronous Serial Interface Reception 
























































Setup item Set to 

Serial data input pin Select SBIO (3 channels) 
Transfer bit count 8 bit 

Start condition None 

First transfer bit MSB 

Input edge Falling edge 
Output edge Rising edge 
Clock Clock Slave 
Clock source fs/2 

Clock source dividing Not divided 

Pin A (port A) 
SBT0/SBO0 pin style Nch open-drain 
SBTO pin pull-up resistor Added 

SBOO0 pin pull-up resistor Added 

serial 0 communication complete interrupt | Enable 

SBOO output after last data output "1"(H) fix 








An example setup procedure, with a description of each step is shown below. 





Setup Procedure 


Description 





(1) Select the prescaler operation 
SCOMD3(0x03F 94) 
bp3 :SCOPSCE =1 


(2) Select the clock source 
SCOMD3(0x03F 94) 
bp2-0 :SCOPSC2-0 =100 


output 
SCOMD3(0x03F94) 
bp7,6 :SCOFDC1-0 =00 


(4) Select the pin 
SCSEL(0x03F90) 
bp0O :SCOSL =0 


(5) Control the pin style 
PAODC(0x03F2D) 
bp2:PAODC2=1 
bp0:PAODCO0=1 
PAPLU(0x03F4A) 
bp2:PAPLU2=1 
bp0:PAPLUO=1 





(3) SBOOA output control after the last data is 


select "prescaler operation". 


output. 


A (port A) as I/O pin. 


enable the pull-up resistor. 





(1) Set the SCOPSCE flag of the SCOMDS register to "1" to 


(2) Set the SCOPSC2 to 0 flag of the SCOMD3 register to 
"100" to select the fs/2 as the clock source. 


(3) Set the SCOFDC1 to 0 flag of the SCOMD3 register to 
"00" to select "1" (High) fix of the SBOO last data 


(4) Set the SC1SL flag of the SCSEL register to "0" to select 


(5) Set the PAODC7,PAODCS flag of the PAODC register to 
"1,1" to select Nch open-drain to SBTO pin. Set the 
PAPLU2, PAPLUS flag of the PAPLU register to "1,1" to 
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Setup Procedure 


Description 








(6) Control the pin direction 
PADIR(0x03F3A) 
bp2 :PADIR2 =1 
bp1 :PADIR1 =0 
bp0O :PADIRO =1 


(7) Set the SCOMDO register 
Select the transfer bit count 
SCOMDO0(0x03F91) 
bp2-0 :SCOLNG2-0 =111 
Select the start condition 
SCOMDO0(0x03F91) 
bp3 :SCOSTE =0 
Select the first bit to be transferred 
SCOMDO0(0x03F91) 
bp4 :SCODIR =0 
Select the transfer edge 
SCOMDO0(0x03F91) 
bp7 :SCOCE1 =1 


(8) Set the SCOMD1 register 
Select the communication style 
SCOMD1(0x03F92) 
bp0 :SCOCMD =0 


Select the transfer clock 
SCOMD1(0x03F92) 

bp2 :SCOMST =0 

bp3 :SCOCKM =0 


Select the transfer clock 
SCOMD1(0x03F92) 

bp4 :SCOSBOS =1 

bp5 :SCOSBIS =1 

bp6 :SCOSBTS =1 

bp7 :SCOIOM =0 


(9) Set the interrupt level 
SCOTICR(0x03FFO0) 
bp7-6 :SCOLV1-0 =10 


(10) Enable the interrupt 
SCOTICR(0x03FFO0) 
bp1 :SCOTIE =1 
bpO :SCOTIR =0 


(11) Start the serial Reception 
dummy data > TXBUFO0(0x03F97) 
Received data —> input SBIO pin 





(6) Set the PADIR2, PADIRO flag of the Port A pin direction 
control register (PADIR) to "1,1" and the PADIR1 flag to 
"0" to set PA2, PAO to the output mode, PA1 to the 
input mode. 


(7) Set the SCOLNG2 to 0 flag of the serial 0 mode register 
0 (SCOMDO) to "111" to set the transfer bit count as 8 
bits. 


Set the SCOSTE flag of the SCOMDO register to "0" to 
disable the start condition. 


Set the SCODIR flag of the SCOMDO register to "0" to 
set MSB as a transfer first bit. 


Set the SCOCE1 flag of the SCOMDO register to "1" to 
set the reception data input edge "falling" and the 
transmission data output edge "rising". 


(8) Set the SCOCMD flag of the SCOMD1 register to "0" to 
select the synchronous serial. 


Set the SCOMST flag of the SCOMD1 register to "0" to 
select the clock slave (external clock). 

Set the SCOCKM flag to "0" to select "not divided " for 
the clock source. 


Set the SCOSBOS, SCOSBIS, SCOSBTS flag of the 
SCOMD1 register to "1" to set the SBOO pin to the 
serial data output, the SBIO pin to the serial input, SBTO 
pin to the transfer clock input/output. Set the SCOIOM 
flag "0" to set the serial data input from the SBIO pin. 


(9) Set the interrupt level by the SCOTLV1 to 0 flag of the 
serial 0 UART transmission interrupt control register 
(SCOTICR). 


(10) Set the SCOTIE flag of the SCOTICR register to "1" to 
enable the interrupt. 
If any interrupt request flag (SCOTIR of the SCOTICR 
register) is already set, clear SCOTIR before the 
interrupt is enabled. 


(11) Set the dummy data to the serial transmission data 
buffer TXBUFO. After the dummy data is set, when 
clock input is done after more than 3.5 transfer clock, 
reception is started. When reception is finished, the 
serial O UART transmission interrupt SCOTIRQ is 
generated. 

[Chapter 3. 3-1-4 Setup] 
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Note: Each procedure (1) to (3), (7), (8), (9) to (10) can be set at the same time. 





At the reception with the start condition input, set the SCOSTE flag to “1” to select start condi- 
tion enable at the step (7) in the setup procedure. At the step (11), execute the start condition 
input instead of setting dummy data. After start condition input, more than 0.5 transfer clock 

is required for the clock input. 


= 








For communication with 2 channels, serial data is input/output from the SBOO pin. Input/out- 
put is switched by the port direction control register PADIR. At reception, set always 
SCOSBIS of the SCOMD1 register to "1" to select "serial input". The SBIO pin can be used as 
a general port. 


= 








This serial interface contains a force reset function. If the communication should be stopped 
by force, set SCOSBOS and SCOSBIS of the SCOMD1 register to "0". 


= 








Each flag should be set as this setup procedure in order. Activation of communication should 
be operated after all control registers (refer to Table:11.2.1 except TXBUFO) are set. 


= 








Transfer rate of transfer clock set by the SCOMD3 register should not exceed 5.0 MHz. 


= 
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M@ Transmission / Reception Setup Example (Standby Mode Reception) 


The setup example for clock synchronous serial communication with serial 0 is shown. Table:11.3.14 shows the 
condition at standby mode reception. 


Table:11.3.14 Setup Examples for Synchronous Serial Interface Transmission / Reception (Standby 
Mode Reception) 















































Setup item Set to 

Serial data input pin Select SBIO (3 channels) 
Transfer bit count 8 bit 

Start condition None 

First transfer bit MSB 

Input edge Falling edge 
Clock Clock slave 
Operation mode Stop mode 
Clock source fs/2 

Clock source dividing Not divided 
Pin A (port A) 
SBT0/SBO0 pin style Push-pull 
SBTO pin pull-up resistor Not added 
SBO0 pin pull-up resistor Not added 
serial 0 communication complete Enable 
interrupt 














An example setup procedure, with a description of each step is shown below. 








Setup Procedure Description 
(1) Select the prescaler operation (1) Set the SCOPSCE flag of the SCOMD3 register to "1" to 
SCOMD3(0x03F94) select "prescaler operation". 


bp3 :SCOPSCE =1 


(2) Select the clock source (2) Set the SCOPSC2 to 0 flag of the SCOMD3 register to 
SCOMD3(0x03F94) "100" to select fs/2 as the clock source. 
bp2-0 :SCOPSC2-0 =100 


(3) Select the pin (3) Set the SCOSL flag of the SCSEL register to "0" to select 
SCSEL(0x03F90) A (port A) as I/O pin 
bp0 :SCOSL =0 

(4) Control the pin style (4) Set the PAODC2,PAODCO flag of the PAODC register 
PAODC(0x03F2D) to "0,0" to select Push-pull to SBOO/SBTO pin. Set the 
bp2:PAOD2=0 PAPLU2,PAPLUO flag of the PAPLU register to "0,0" to 
bp0:PAODCO0=0 disenable the pull-up resistor. 
PAPLU(0x03F4A) 


bp2:PAPLU2=0 
bp0:PAPLUO=0 
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Setup Procedure 


Description 








(5) Control the pin direction 
PADIR(0x03F3A) 
bp2 :PADIR2 =0 
bp1 :PADIR1 =0 
bp0 :PADIRO =1 


(6) Select the transfer bit count 
SCOMD0(0x03F91) 
bp2-0 :SCOLNG2-0 =111 


(7) Select the start condition 
SCOMD0(0x03F91) 
bp3 :SCOSTE =0 


(8) Select the first bit to be transferred 
SCOMD0(0x03F91) 
bp4 :SCODIR =0 


(9) Select the transfer edge 
SCOMD0(0x03F91) 
bp7 :SCOCE1 =1 


(10) Select the communication type 
SCOMD1(0x03F92) 
bp0O :SCOCMD =0 


(11) Select the transfer clock 
SCOMD1(0x03F92) 
bp2 :SCOMST =0 
bp3 :SCOCKM =0 


(12) Control the pin function 
SCOMD1(0x03F92) 
bp4 :SCOSBOS =0 
bp5 :SCOSBIS =1 
bp6 :SCOSBTS =1 
bp7 :SCOIOM =0 


(13) Set the interrupt level 
SCOTICR(0x03FF0) 
bp7-6 :SCOLV1-0 =10 


(14) Enable the interrupt 
SCOTICR(0x03FFO0) 
bp1 :SCOTIE =1 
bp0 :SCOTIR =0 


(15) Set the startup factor of the serial 
communication 
Dummy data > TXBUFO(0x03F97) 





(5) Set the PADIR2, PADIR1 flag of the Port A pin direction 
control register (PADIR) to "0,0" and the PADIRO flag to 
"1" to set PA2, PA1 to disable the start condition. 


(6) Set the SCOLNG2-0 flag of the serial O mode register 
(SCOMDO) to "111" to set the transfer bit count as 8 
bits. 


(7) Set the SCOSTE flag of the serial 0 mode register 
(SCOMDO) to "1" to disable the start condition. 


(8) Set the SCODIR flag of the SCOMDO register to "0" to set 
MSB as a transfer first bit. 


(9) Set the SCOCE1 flag of the SCOMDO register to "1" to 
set the reception data input edge as falling. 


(10) Set the SCOCMD flag of the SCOMD1 register to "0" to 
select the synchronous serial. 


(11) Set the SCOMST flag of the SCOMD1 register to "0" to 
select the clock slave (external slave). 
Set the SCOCKM flag to "0" to select "not divided" for 
the clock source. 


(12) Set the SCOSBOS flag of the SCOMD1 register to "0", 
the SCOSBTS flag of the SCOSBIS register to "1" to set 
the SBIO pin to the serial data input as the SBOO pin 
general port, the SBTO pin to the transfer clock input/ 
output. Set the SCOIOM flag "0" to set the serial data 
input from the SBIO pin. 


(13) Set the interrupt level by the SCOLV1 to 0 flag of the 
serial 0 UART transmission interrupt control register 
(SCOTICR). (Set level 2) 


(14) Set the SCOTIE flag of the SCOTICR register to "1" to 
enable the interrupt. 
If any interrupt request flag (SCOTIR of the SCOTICR 
register) is already set, clear SCOTIR before the 
interrupt is enabled. 


(15) Set the dummy data to the serial transmission data 
buffer TXBUFO. 
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Setup Procedure Description 
(16) Transfer to STOP mode (16) Set the STOP flag of the CPUM register to "1" to 
CPUM(0x03F00) transfer to the stop mode. 
bp3:STOP =1 
(17) Start the serial communication (17) Input the transfer clock to the SBTO pin and transfer 
Transmission clock > input SBTO pin data to the SBIO pin. 


Received data > input SBIO pin 


(18) Recover from the standby mode (18) The serial O UART transmission interrupt SCOTIRQ is 
generated at the same time of the 8" bits data 
reception, then, CPU is recovered from the stop mode 
to the normal mode after the oscillation stabilization 
wait. 














Note: Procedures (1), (2), (6) to (9), (10) to (12), (13) to (14) can be set at the same time. 





Each flag should be set as this setup procedure in order. Activation of communication should 
\ be operated after all control registers (refer to Table:11.2.1 except TXBUFO) are set. 
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Serial 0 can be used for duplex UART communication. Table:11.3.15 shows UART serial interface functions. 


Table:11.3.15 URAT Serial Interface Functions 





Communication style 


UART (duplex); 





Interrupt 


SCOTIRQ (transmission), SCORIRQ (reception) 





Pins 


TXDO (output / input) 
RXDO (input) 











First transfer bit specification MSB /LSB 

Parity bit selection O 

Parity bit control 0 parity 
1 parity 
odd parity 
even parity 





Frame selection 


7 bits + 1 STOP 
7 bits + 2 STOP 
8 bits + 1 STOP 
8 bits + 2 STOP 





Continuous operation 


O 





Maximum transfer rate 








300 kbps 
(standard 300 bps to 38.4 kbps) 
(with baud rate timer) 
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H Activation Factor for Communication 


At transmission, when data is set to the transmission data buffer TXBUFO0, start condition is generated to start 
transfer. At reception, when start condition is received, communication is started. At reception, if the data length 
of "L" for start bit is longer than 0.5 bit, it can be recognized as start condition. 


MH Transmission 


Data transfer is automatically started by setting data to the transmission data buffer TXBUFO. When the trans- 
mission is completed, the serial 0 transmission interrupt SCOTIRQ is generated. 


Mm Reception 


Once the start condition is recognized, reception is started after the transfer bit counter that counts transfer bit is 
cleared. When the reception is completed, the serial 0 reception interrupt SCORIRQ is generated. 


@ Duplex communication 


On duplex communication, the transmission and reception can be operated separately at the same time. The 
frame mode and parity bit of the used data on transmission / reception should have the same polarity. 


@ Transfer Bit Count Setup 


The transfer bit count is automatically set after the frame mode is specified by the SCOFM1 to 0 flag of the 
SCOMD2 register. If the SCOCMD flag of the SCOMD1 register is set to "1", and UART communication is 
selected, the setup by the synchronous serial transfer bit count selection flag SCOLNGZ2 to 0 is no longer valid. 


@ Data Input Pin Setup 


2 channels type, data output pin (TXD0 pin), data input pin (RXDO pin, or | channel type, data I/O pin (TXDO 
pin) can be selected as a communication mode. The RXD0 pin can be used only for serial data input. The TXDO 
pin can be used for serial data input or output. Whether the serial data is input from RXDO or TXDO, it can be 
selected by the SCOIOM flag of the SCOMD1 register. When "data input from TXD0 pin" is selected to set the | 
channel communication, transmission / reception can be switched by the TXDO pin direction control. For 
TXDOA pin, it can be done by the PADIR2 flag of the PADIR register. For TXDOB, by the P7DIRS flag of the 
P7DIR register. At the same time, the RXDO pin can be used as a general port. 


m@ Reception Buffer Empty Flag 


When SCORIRQ is generated, data is stored automatically to RXBUFO from the internal shift register. When data 
is stored to RXBUFO from the shift register, the reception buffer empty flag SCOREMP of the SCOSTR register is 
set to "1". That indicates that the received data is going to be read out. SCOREMP is cleared to "0" by reading out 
the data of RXBUFO. 


™ Reception BUSY Flag 


When the start condition is recognized, the SCORBSY flag of the SCOSTR register is set to "1". When the recep- 
tion complete interrupt SCOTIRQ is generated, the flag is cleared to “O”. If the SCOSBIS flag is set to "0" during 
reception, the SCORBSY flag is reset to "0". 


™@ Transmission BUSY Flag 


When data is set to TXBUFO, the SCOTBSY flag of the SCOSTR register is set to "1". When the transmission 
complete interrupt SCOTIRQ is generated, the flag is cleared to "0". During continuous communication, the 
SCOTBSY flag is always set. If the transmission buffer empty flag SCOTEMP is set to "0" as the transmission 
complete interrupt SCOTIRQ is generated, the SCOTBSY is cleared to "0". If the SCOSBOS flag is set to "0", the 
SCOTBSY flag is reset to"0". 
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mM Frame Mode and Parity Check Setup 


Figure 11-3-17 shows the data format at UART communication. 


Frame 











<—$—_—_——————. Character bit —_—___ 


Figure:11.3.17 UART Serial Interface Transmission / Reception Data Format 


The transmission / reception data consists of start bit, character bit, parity bit and stop bit. Table:11.3.16 shows its 
types to be set. 


Table:11.3.16 UART Serial Interface Transmission / Reception Data 























Start bit 1 bit 

Character bit 7,8 bit 

Parity bit fixed to 0, fixed to 1, odd, even, none 

Stop bit 1,2 bits 
The SCOFM1 to 0 flag of the SCOMD2 register sets the frame mode. Table:11.3.17 shows the UART serial inter- 
face frame mode settings. If the SCOCMD flag of the SCOMD1 register is set to "1", and UART communication 


is selected, the transfer bit count on the SCOLNG2 to 0 flag of the SCOMDO register is no longer valid. 
Table:11.3.17 UART Serial Interface Frame Mode 




















SCOMD2 register Frame mode 

SCOFM1 | SCOFMO 

0 0 Character bit 7 bits + Stop bit 1 bit 
0 1 Character bit 7 bits + Stop bit 2 bits 
1 0 Character bit 8 bits + Stop bit 1 bit 
1 1 Character bit 8 bits + Stop bit 2 bits 
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Parity bit is to detect wrong bits with transmission / reception data. Table:11.3.18 shows types of parity bit. The 
SCONPE, SCOPM1 to 0 flag of the SCOMD2 register set parity bit. 


Table:11.3.18 Parity Bit of UART Serial Interface 





SCOMD2 Parity bit Setup 





SCONPE | SCOPM1 | SCOPMO 











0 0 0 Fixed to 0 Set parity bit to "0" 
0 0 1 Fixed to 1 Set parity bit to "1" 
0 1 0 Odd parity Control that the total of "1" of parity bit and 


character bit should be odd 





0 1 1 Even parity Control that the total of "1" of parity bit and 
character bit should be even 





1 - - None Do not add parity bit 























™@ Break Status Transmission Control Setup 


The SCOBRKE flag of the SCOMD2 register generates the brake status. If SCOBRKE is set to "1" to select the 
brake transmission, all bits from start bits to stop bits transfer "0". 


@ Reception Error 


At reception, there are 3 types of error; overrun error, parity error and framing error. Reception error can be deter- 
mined by the SCOORE, SCOPEK, SCOFEF flag of the SCOSTR register. Even one of those errors is detected, the 
SCOERE flag of the SCOSTR register is set to "1". Among reception error flags, the SCOPEK flag and the 
SCOFEF flag are renewed when the reception complete interrupt SCORIRQ is generated. The SCOORE flag is 
cleared at the same time of next communication complete interrupt SCORIRQ generation after the data of the 
RXBUFO is read out. The decision of the received error flag should be operated before the next communication is 
finished. Those error flag has no effect on communication operation. Table:11.3.19 shows the list of reception 
error source. 


Table:11.3.19 Reception Error Source of UART Serial Interface 


























Flag Error 
SCOORE Overrun error Next data is received before reading the reception buffer 
SCOPEK Parity error at fixed to 0 when parity bit is "1" 
at fixed to 1 When parity bit is "0" 
Odd parity The total of "1" of parity bit and character bit is 
even 
Even parity The total of "1" of parity bit and character bit is 
odd 
SCOFEF Framing error Stop bit is not detected 

















Mm Judgement of Break Status Reception 


Reception at break status can be judge. If all received data from start bit and stop bit is "0", the SCOBRKF flag of 
the SCOMD2 register is set and determines the break status. The SCOBRKF flag is set when the reception com- 
plete interrupt SCORIRQ is generated. 
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H Continuous Communication 


This serial interface has continuous communication function. When data is set to the transmission data buffer 
TXBUFO during communication, the transmission buffer empty flag SCOTEMP is automatically set to communi- 
cate continuously. This does not generate any blank in communication. Set data to TXBUF between previous 
data setup and generation of the communication complete interrupt SCOTIRQ. 


M@ Clock Setup 


Transfer clock is not necessary for UART communication itself, but necessary for setup of data transmission / 
reception timing in the serial interface. 


Select the timer to be used as a baud rate timer by the SCOMD3 register. 
M@ Reception Bit Count and First Transfer Bit 


At reception, when the transfer bit count is 7 bits, the data storing method to the received data buffer RXBUFO is 
different depending on the first transfer bit selection. At MSB first, data is stored to the upper bits of RXBUFO. 
When the transfer bit count is 7 bits, as shown on Figure:11.3.18, data "G" to "A" are stored to bp7 to bp1 of 
RXBUFO in this order. At LSB first, data are stored to the lower bits of RXBUFO. When the transfer bit count is 
7 bits, as shown on Figure:11.3.19, data "A" to "G" are stored to bp0 to bp6 of RXBUFO in this order. 





RXBUFO | A B C D igo | 












































RXBUFO G F E D C | B A 





Figure:11.3.19 Transfer Bit Count and First Transfer Bit (starting with LSB) 
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The following items are the same as clock synchronous serial. 
@ First Transfer Bit Setup 

Refer to:XI-15 

M@ Transmission Data Buffer 

Refer to:XI-15 

Mm Received Data Buffer 

Refer to:XI15 

@ Transfer Bit Count and First Transfer Bit 
Refer to:XI-17 

m@ Transmission Buffer Empty Flag 

Refer to: XI-20 

m Emergency Reset 


Refer to: XI-21 
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Mm Transmission Timing 


TXDO pin 





Parity Stop + Stop 
bit ‘T bit : bit 





SCOTBSY , 
(Data set toTXBUFO) 


Interrupt(SCOTIRQ) 






Figure:11.3.20 Transmission Timing (parity bit is enabled) 












T 
TXDO pin ] 
Stop : Stop 
bit: bit 
SCOTBSY 
(Data setto TXBUFO) 7’ 
Interrupt 
(SCOTIRQ) 


Figure:11.3.21 Transmission Timing (parity bit is disabled) 
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mM Reception Timing 


Tmin=0.5T T 


Stop 

















RXDO pin ‘ bit 
SCORBSY 
aA | 
Input start condition 
Interrupt fe 
(SCORIRQ) 
Figure:11.3.22 Reception Timing (parity bit is enabled) 
Tmin=0.5T T 
oe ; 
: Parity Stop : Stop 
RXDO pin bit = bit =: bit 
SCORBSY 
A: 
Input start condition | 
Interrupt oe 
(SCORIRQ) 





Figure:11.3.23 Reception Timing (parity bit is disabled) 
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M@ Transfer Speed Setup 


Baud rate timer (timer | , timer 2) can set any transfer rate. Table:11.3.20 shows the setup example of the transfer 
speed. 


Table:11.3.20 UART Serial Interface Transfer Speed 
































Setup Register Page 
Serial 0 clock source (timer 1 , timer 2) SCOMD3 XI-10 
Clock source dividing SCOMD1 XI-10 
Timer 1 clock source TM1MD V-15 
Timer 1 compare register TM10C V-12 
Timer 2 clock source TM2MD V-16 
Timer 2 compare register TM20C V-12 








Timer compare register is set as follows; 
baud rate = | / (overflow cycle x 2 x internal clock dividing) 
overflow cycle = (set value of compare register + 1) x timer clock cycle 
therefore, 
set value of compare register = timer clock frequency / (baud rate x 2 x internal clock dividing) - 1 


For example, if baud rate should be 300 bps at timer clock source fs/4 (fosc = 8 MHz, fs = fosc/2) when the inter- 
nal clock dividing is set to 8, set value should be as follows: 


Set value of compare register =(8 x 10°/2/ 4) / (300 x 2 x 8) - 1 
= 207 
= OxCF 


Timer clock source and the set value of timer compare register at the standard rate are shown in the following 
page. 





< Transfer rate should not exceed 300 kbps. 
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Table:11.3.21 Setup Value of Serial Interface Transfer Speed 1 : When Setting UART Inter Clock to 
"Divided by 8" (decimal) 





Transfer speed (bit/s) 










































































































































































300 960 1200 2400 4800 
fosc |Clock source 
(MHz) | (Timer) SErwalie Calculate shale Calculate Gai vallie Calculate ch Vallie Calculate Set value Calculate 
d value d value d value d value d value 
2.00  |fosc - - 129 962 103 1202 51 2404 25 4808 
fosc/4 103 300 - - 25 1202 12 2404 - - 
fosc/16 25 300 - - - - - - - - 
fosc/32 12 300 - - - - - - - - 
fosc/64 - - - - - - - - - - 
fs/2 103 300 - - 25 1202 12 2404 - - 
fs/4 51 300 - - 12 1202 - - - - 
4.00 |fosc : - - - 207 1202 103 2404 51 4808 
fosc/4 207 300 64 962 51 1202 25 2404 12 4808 
fosc/16 51 300 - - 12 1202 - - - - 
fosc/32 25 300 - - - - - - - - 
fosc/64 12 300 - - - - - - - - 
fs/2 207 300 64 962 51 1202 25 2404 12 4808 
fs/4 104 297 - - 25 1202 12 2404 - : 
4.19  |fosc - - - - 217 1201 108 2403 54 4761 
fosc/4 217 300 67 963 - - - - - - 
fosc/16 - - 16 963 - - 6 2338 - - 
fosc/32 - - - - - - - - - - 
fosc/64 - - - - - - - - - - 
fs/2 217 300 67 963 - - - - - - 
fs/4 108 300 33 963 - - 13 2338 - - 
8.00 |fosc - - - - - - 207 2404 103 4808 
fosc/4 - - 129 962 103 1202 51 2404 25 4808 
fosc/16 103 300 - - 25 1202 12 2404 - : 
fosc/32 51 300 - - 12 1202 - - - - 
fosc/64 25 300 - - - - - - - - 
fs/2 - - 129 962 103 1202 51 2404 25 4808 
fs/4 207 300 64 962 51 1202 25 2404 12 4808 
8.38  |fosc - - - - - - 217 2403 108 4805 
fosc/4 - - 135 963 108 1201 - - - - 
fosc/16 108 300 33 963 - - 13 2338 - - 
fosc/32 - - 16 963 - - 6 2338 - - 
fosc/64 - - - - - - - - - - 
fs/2 - - 135 963 108 1201 - - - - 
fs/4 217 300 67 963 - - - - - - 
10.00 |fosc - - - - - - - - 129 4808 
fosc/4 - - 162 959 129 1202 64 2404 - - 
fosc/16 129 300 - - - - - - - - 
fosc/32 64 300 - - - - - - - - 
fosc/64 - - - - - - - - - - 
fs/2 - - 162 959 129 1202 64 2404 - - 
fs/4 - - - - 64 1202 - - - - 
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Table:11.3.22 Setup Value of Serial Interface Transfer Speed 2 : When Setting UART Inter Clock to 
"Divided by 8" (decimal) 





Transfer speed (bit/s) 





fosc 
(MHz) 


Clock source 
(Timer) 


300 


960 


1200 


2400 


4800 





Set value 


Calculate 
d value 


Set value 


Calculate 
d value 


Set value 


Calculate 
d value 


Set value 


Calculate 
d value 


Set value 


Calculate 
d value 





2.00 


fosc 


12 


9615 


3 


31250 





fosc/4 





fosc/16 





fosc/32 





fosc/64 





fs/2 





fs/4 





4.00 


fosc 





fosc/4 





fosc/16 





fosc/32 





fosc/64 





fs/2 





fs/4 





4.19 


fosc 





fosc/4 





fosc/16 





fosc/32 





fosc/64 





fs/2 





fs/4 





8.00 


fosc 


51 


9615 


31250 





fosc/4 


12 


9615 


31250 





fosc/16 





fosc/32 





fosc/64 





fs/2 


12 


9615 


31250 





fs/4 


31250 





8.38 


fosc 


54 


9523 





fosc/4 





fosc/16 





fosc/32 





fosc/64 





fs/2 





fs/4 





10.00 





fosc 





fosc/4 





fosc/16 





fosc/32 





fosc/64 





fs/2 








fs/4 
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Table:11.3.23 Setup Value of Serial Interface Transfer Speed 1 : When Setting UART Inter Clock to 
"Divided by 16" (decimal) 













































































































































































Transfer speed (bit/s) 
300 960 1200 2400 4800 
fosc |Clock source 
(MHz) | (Timer) Serwalie Calculate Be Uae Calculate Sai valle Calculate eh Yallie Calculate Get value Calculate 
d value d value d value d value d value 
2.00 |fosc - - 64 962 51 1202 25 2404 12 4808 
fosc/4 51 300 - - 12 1202 - - - - 
fosc/16 12 300 - - - - - - - - 
fosc/32 - - - - - - - - - - 
fosc/64 - - - - - - - - - - 
fs/2 51 300 - - 12 1202 - - - - 
fs/4 25 300 - - - - - - - - 
4.00 |fosc - - 129 962 103 1202 51 2404 25 4808 
fosc/4 103 300 - - 25 1202 12 2404 - - 
fosc/16 25 300 - - - - - - - - 
fosc/32 12 300 - - - - - - - - 
fosc/64 - - - - - - - - - - 
fs/2 103 300 - - 25 1202 12 2404 - : 
fs/4 51 300 - - 12 1202 - - - - 
4.19 |fosc - - 135 963 108 1201 54 2381 - - 
fosc/4 108 300 33 963 - - - - - - 
fosc/16 - - - - - - - - - - 
fosc/32 - - - - - - - - - - 
fosc/64 - - - - - - - - - - 
fs/2 108 300 33 963 - - - - - - 
fs/4 54 298 16 963 - - - - - - 
8.00 |fosc - - - - 207 1202 103 2404 51 4808 
fosc/4 207 300 64 962 51 1202 25 2404 12 4808 
fosc/16 51 300 - - 12 1202 - - - - 
fosc/32 25 300 - - - - - - - - 
fosc/64 12 300 - - - - - - - - 
fs/2 207 300 64 962 51 1202 25 2404 12 4808 
fs/4 103 300 - - 25 1202 12 2404 - - 
8.38  |fosc - - - - 217 1201 108 2403 54 4761 
fosc/4 217 300 67 963 54 1190 - - - - 
fosc/16 54 298 16 963 - - - - - - 
fosc/32 - - - - - - - - - - 
fosc/64 - - - - - - - - - - 
fs/2 217 300 67 963 54 1190 - - - - 
fs/4 108 300 33 963 - - - - - - 
10.00 |fosc - - - - - - 129 2404 64 4808 
fosc/4 - - 80 965 64 1202 - - - - 
fosc/16 64 300 - - - - - - - - 
fosc/32 - - - - - - - - - - 
fosc/64 - - - - - - - - - - 
fs/2 - - 80 965 64 1202 - - - - 
fs/4 129 300 - - - - - - - - 
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Table:11.3.24 Setup Value of Serial Interface Transfer Speed 2 : When Setting UART Inter Clock to 
"Divided by 16" (decimal) 





Transfer speed (bit/s) 





fosc 
(MHz) 


Clock source 
(Timer) 


300 


960 


1200 


2400 


4800 





Set value 


Calculate 
d value 


Set value 


Calculate 
d value 


Set value 


Calculate 
d value 


Set value 


Calculate 
d value 


Set value 


Calculate 
d value 





2.00 


fosc 


Fl 


31250 





fosc/4 





fosc/16 





fosc/32 





fosc/64 





fs/2 





fs/4 





4.00 


fosc 





fosc/4 





fosc/16 





fosc/32 





fosc/64 





fs/2 





fs/4 





4.19 


fosc 





fosc/4 





fosc/16 





fosc/32 





fosc/64 





fs/2 





fs/4 





8.00 


fosc 





fosc/4 





fosc/16 





fosc/32 





fosc/64 





fs/2 





fs/4 





8.38 


fosc 





fosc/4 





fosc/16 





fosc/32 





fosc/64 





fs/2 





fs/4 





10.00 





fosc 





fosc/4 





fosc/16 





fosc/32 





fosc/64 





fs/2 








fs/4 
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@ Pin Setup (with 1,2 channels, at transmission) 


Table: 11.3.25 shows the pins setup for UART serial interface transmission. The pins setup is common to the 
TXDO pin, RXDO pin, regardless of whether the pins are independent / connected. 


Table:11.3.25 UART Serial Interface Pin Setup (with 1,2 channels, at transmission) 
























































PAPLU(PAPLUO)/P7PLU(P7PLUS) 





Setup item Data output pin Data input pin 
TXDO pin RXDO pin 

Port pin PAO/P75 PA1/P76 

Port pin setup Select pin (A, B) 
SCSEL (SCOSL) 

Serial data input selection RXDO 
SCOMD1(SCOIOM) 

Function Serial data output "1" output 
SCOMD1(SCOSBOS) SCOMD1(SCOSBIS) 

Style Push-pull/ N-ch open-drain - 
PAODC(PAODCO0)/P70DC(P70DC5) 

V/O Output mode - 
PADIR(PADIRO)/P7DIR(P7DIR5) 

Pull-up setup Added / not added - 
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Table: 11.3.26 shows the pins setup for UART serial interface reception with 2 channels (TXDO pin, RXDOpin). 


Table:11.3.26 UART Serial Interface Pin Setup (with 2 channels, at reception) 














Setup item Data output pin Data input pin 
TXDO pin RXDO pin 
Port pin PAO/P75 PA1/P76 





Port pin setup 


Select pin (A, B) 






































SCSEL (SCOSL) 
Serial data input selection RXDO 
SCOMD1(SCOIOM) 
Function Port Serial data input 
SCOMD1(SCOSBOS) SCOMD1(SCOSBIS) 
Style - - 
VO - Input mode 
- PADIR(PADIR1)/ 
P7DIR(P7DIR6) 
Pull-up setup - - 
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@ Pin Setup (with 1 channel, at reception) 


Table: 11.3.27 shows the pin setup for UART serial interface reception with 1 channel (TXDO pin). The RXDO 
pin can be used as a port as it is not used. 


Table:11.3.27 UART Serial Interface Pin Setup (with 1 channel, at reception) 












































Setup item Data output pin Data input pin 
TXDO pin RXDO pin 

Port pin PAO/P75 PA1/P76 

Port pin setup Select pin (A, B) 
SCSEL (SCOSL) 

Serial data input selection TXDO 
SCOMD1(SCOIOM) 

Function Port Serial data input 
SCOMD1(SCOSBOS) SCOMD1(SCOSBIS) 

Style - - 

VO Input mode - 
PADIR(PADIRO)/P7DIR(P7DIR5) - 

Pull-up setup - = 
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Table: 11.3.28 shows the pin setup for UART serial interface transmission / reception with 2 channels (TXDO pin, 


RXD0 pin). 


Table:11.3.28 UART Serial Interface Pin Setup (with 2 channels, at transmission / reception) 














Setup item Data output pin Data input pin 
TXDO pin RXDO pin 
Port pin PAO/P75 PA1/P76 





Port pin setup 


Select pin (A, B) 









































PAPLU(PAPLUO)/P7PLU(P7PLUS) 





SCSEL (SCOSL) 
Serial data input selection RXDO 
SCOMD1(SCOIOM) 
Function Serial data output Serial data input 
SCOMD1(SCOSBOS) SCOMD1(SCOSBIS) 
Style Push-pull/ N-ch open-drain - 
PAODC(PAODCO0)/P70DC(P70DC5) 
VO Output mode Input mode 
PADIR(PADIRO)/P7DIR(P7DIRS5) PADIR(PADIR1)/ 
P7DIR(P7DIR6) 
Pull-up setup Added / not added = 








Operation 


XI - 59 


Chapter 11 
Serial interface 0 


11.3.4 Setup Example 
aa] 
™@ Transmission / Reception Setup 


The setup example for UART transmission / reception with serial 0 is shown. Table:11.3.29 shows the condition 
at transmission / reception. 


Table:11.3.29 UART Interface Transmission Reception Setup 









































Setup item SEt to 
TXDO/RXDO pin Independent (with 2 channels) 
Frame mode specification 8 bits + 2 stop bits 
First transfer bit MSB 

Clock source Timer 1 

Clock source dividing Divided by 8 

Pin A (port A) 
TXDO/RXDO pin type N-ch open-drain 
Pull-up resistor of TXDO pin Added 

Parity bit add/check "0" added/check 
Serial 0 transmission complete Enable 

interrupt 

Serial 0 reception complete interrupt | Enable 








An example setup procedure, with a description of each step is shown below. 








Setup Procedure Description 
(1) Set the baud rate timer (1) Set the baud rate timer by the TM1MD register, the 
TM10OC register. Set the TM1EN flag to "1" to start 
timer 1. 


[Chapter 5 5.8 Serial Transfer Clock Output Operation] 


(2) Select the clock source (2) Set the bp2 to 0 flag of the SCOMDS3 register to "110" to 
SCOMD3(0x03F94) select Timer 1 output as a clock source. 
bp2-0 :SCOPSC2-0 =110 


(3) Select the pin (3) Set the SCOSL flag of the SCSEL register to “O” to select 
SCSEL(0x03F90) A (port A) as I/O pin. 
bp0 :SCOSL =0 

(4) Control the pin style (4) Set the PAODCO flag of the PAODC register to "1" to 
PAODC(0x03F2D) select Nch open-drain. Set the PAPLUO flag of the 
bp0:PAODCO0=1 PAPLU register to "1" to enable the pull-up resistor. 
PAPLU(0x03F4A) 


bp0:PAPLUO=1 
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Setup Procedure 


Description 








(5) Control the pin direction 
PADIR(0x03F3A) 
bp0O :PADIRO =1 
bp1 :PADIR1 =0 


(6) Set the SCOMDO register 
Select the start condition 
SCOMD0(0x03F91) 
bp3 :SCOSTE =1 


Select the first bit to be transferred 
SCOMDO0(0x03F91) 
bp4 :SCODIR =0 


(7) Set the SCOMD2 register 
Control the output data 
SCOMD2(0x03F93) 
bp0 :SCOBRKE =0 


Select the added parity bit 
SCOMD2(0x03F93) 

bp3 :SCONPE =0 

bp5-4 :SCOPM1-0 =00 


Specify the flame mode 
SCOMD2(0x03F93) 
bp7-6 :SCOFM1-0 =11 


(8) Set the SCOMD1 register 
Select the communication type 
SCOMD1(0x03F92) 
bp0 :SCOCMD =1 


Select the clock frequency 
SCOMD1(0x03F92) 

bp3 :SCOCKM =1 

bp2 :SCOMST =1 

bp1 :SCODIV =0 


Control the pin function 
SCOMD1 (0x03F92) 
bp4 :SCOSBOS =1 

bp5 :SCOSBIS =1 

bp7 :SCOIOM =0 


(9) Enable the interrupt 
SCORICR(0x03FEF) 
bp1 :SCORIE =1 
SCOTICR(0x03FFO0) 
bp1 :SCOTIE =1 





(5) Set the PADIRO flag of the Port A pin direction control 
register (PADIR) to "1" and the PADIR1 flag to "0" to 
set PAO to the output mode, PA‘ to the input mode. 


(6) Set the SCOSTE flag of the SCOMDO register to "1" to 
enable start condition. 


Set the SCODIR flag of the SCOMDO register to "0" to 
select MSB as first transfer bit. 


(7) Set the SCOBRKE flag of the SCOMD2 register to "0" to 
select the serial data transmission. 


Set the SCOPM1 to 0 flag of the SCOMD2 register to 
"00" to select 0 parity, and set the SCONPE flag to "0" 
to enable add parity bit. 


Set the SCOFM1 to 0 flag of the SCOMD2 register to 
"11" to select 8 bits + 2 stop bits for the flame mode. 


(8) Set the SCOCMD flag of the SCOMD1 register to "1" to 
select duplex UART. 


Set the SCOCKM flag of the SCOMD1 register to "1" to 
select "divided" at source clock. 

Set the SCODIV flag to “0” to select divided by 8 as the 
source clock. 

The SCOMST flag should always be set to "1" to select 
clock master. 


Set the SCOSBOS, SCOSBIS flag of the SCOMD1 
register to "1" to set the RXDO pin to serial data output 
and the RXDO pin to serial data input. 


(9) Set the SCORIE flag of the SCORICR register to "1", and 
SCOTIE flag of the SCOTICR register to "1" to enable 
the interrupt request. 

If the interrupt request is already set, clear it. 
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Setup Procedure Description 
(10) Start the serial transmission (10) When the transmission data is set to the serial 
The transmission — TXBUFO(0x03F97) transmission data buffer (TXBUFO), the transmission is 
The reception data > input to RXDO started. When the transmission is finished, the serial 0 


transmission interrupt (GCOTIRQ) is generated. Also, 
after the received data is stored to the RXBUFO, the 
serial 0 reception interrupt (SCORIRQ) is generated. 














Note: Procedures (6), (7), (8) can be set at the same time. 





When the TXDO / RXDO pin are connected for communication with 1 channel, serial data is 

input/output from the TXDO pin. Input/output can be switched by the port direction control 
register PADIR. At reception, set SCOSBIOS of the SCOMD1 register to "1" to select serial 
data input. The RXDO pin can be used as a general port. 








This serial interface contains emergency reset function. If communication should be stopped 
by force, set SCOSBOS and SCOSBIS of the SCOMD1 register to "0". 








Each flag should be set as the setup procedure in order. Activation of communication should 
be operated after all control registers (refer to Table:11.2.1 TXBUFO, RXBUFO) are set. 








Timer 1 and timer 2 can be used as a baud rate timer. Refer to Chapter 5 5.8 Serial Transfer 
| Clock Output Operation. 
a 
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12.1 Overview 





This LSI contains a serial interface | that can be used for both communication types of clock synchronous and 


UART (duplex). 


Also the used pins can be switched to A (port 1: P15/TMOOB/SBO1A/TXDIA/SEGI, P16/TM2IO/SBILA/ 
RXD1A/SEG9, P17/TM20B/SBT1A/SEG8) or to B (Port A:PA5/AN5/SBO1B/TXD1B, PA6/AN6/SBT1B, PA4/ 


AN4/SBI1B/RXD1B/V PP). 





On this text, if there are not much difference between port A and port B on the operation, port 
\ A and B are omitted. 








age, select A as the used pin. 


< Operation with the used pin B is available for 48 pin package product only. For 44 pin pack- 
a 





12.1.1. Functions 





Table:12.1.1 shows functions of serial interface 1. 


Table:12.1.1 Serial Interface 1 functions 





Communication style 


Clock synchronous 


UART (duplex) 












































Interrupt SC1TIRQ SC1TIRQ(on transmission 
completion) 
SC1RIRQ(on reception 
completion) 

Used pins SBO1,SBI1,SBT1 TXD1,RXD1 

3 channels type oO : 

2 channels type O(SBO1,SBT1) O 

1 channel type - TXD1 

Specification of transfer bit count/ Frame _=_/1 to 8 bits 7 bit +1STOP 

selection 7 bit +2STOP 
8 bit +1 STOP 
8 bit +2STOP 

Selection of parity bit - O 

Parity bit control - 0 parity 
1 parity 
odd parity 
even parity 

Selection of start condition O Only "enable start condition" is 
available 

Specification of the first transfer bit O O 

Specification of input edge/ output edge oO : 
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SBO1 output control after final data is 
transferred 


H/L/final data hold 





Function in STANDBY mode 


Only slave reception is available 











Internal clock dividing value Not divided Divided by 8 
Divided by 8 Divided by 16 
Divided by 16 

Clock source fosc/2 fosc/2 
fosc/4 fosc/4 
fosc/16 fosc/16 
fosc/64 fosc/64 
fs/2 fs/2 
fs/4 fs/4 


External clock 
Timer 1 output 
Timer 2 output 


Timer 1 output 
Timer 2 output 





Maximum transfer rate 





5.0 MHz 





300 kbps 





fosc:Machine clock (High speed oscillation) 
fs:System clock 
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12.1.2 Block Diagram 


M Serial interface 1 Block Diagram 
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12.2.1 Registers 





Table: 12.2.1 shows registers to control serial interface 1. 


Table:12.2.1 Serial interface 1 Control Registers 


Function 
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Serial interface 1 mode register 0 





Serial interface 1 mode register 1 





Serial interface 1 mode register 2 





Serial interface 1 mode register 3 





Serial interface 1 status register 





Serial interface 1 received data buffer 





Serial interface 1 transmission data buffer 





Serial interface I/O pins switching control register 





Port 1 Nch open drain control register 





Port 1 direction control register 





Port 1 pull-up/pull-down control register 








Register Address 
SC1MDO 0x03F99 
SC1MD1 Ox03F9A 
SC1MD2 0x03F9B 
SC1MD3 0x03F9C 
SC1STR 0x03F9D 
RXBUF1 Ox03F9E 
TXBUF1 Ox03F9F 
SCSEL 0x03F90 
P10DC 0x03F1B 
P1DIR 0x03F31 
P1PLUD 0x03F41 
SC1RICR Ox03FF1 
SC1ITICR Ox03FF2 
R/W:Readable/ Writable 
R:Readable only 








Serial 1 UART reception interrupt control register 


Serial 1 UART transmission interrupt control register 
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12.2.2 Data Buffer Registers 
a See] 


Serial interface | has one each of 8-bit data buffer register for transmission, and for reception. 


@ Serial interface 1 Reception Data Buffer (RXBUF1:0x03F9E) 


7 


6 


5 


4 


3 


2 


1 


0 





RXBUF17 


RXBUF16 


RXBUF15 


RXBUF14 


RXBUF13 


RXBUF12 


RXBUF 11 


RXBUF10 





Access 

















@ Serial interface 1 Transmission Data Buffer (TXBUF1 :0x03F9F) 


7 


6 


5 


4 


3 





2 





1 








0 





TXBUF17 


TXBUF16 


TXBUF15 


TXBUF 14 


TXBUF13 


TXBUF12 


TXBUF11 


TXBUF10 





X 


X 


X 


X 


X 


X 


X 


X 
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ea aE] 


@ Serial interface 1 Mode Register 0 (SC1MD0:0x03F99) 


bp Z 6 5 4 3 2 1 0 
Flag SC1CE1 ; : SC1DIR |SC1STE | SC1LNG2 | SC1LNG1 | SC1LNGO 
0 : : 0 0 1 1 1 


Reset 
































Access R/W - ; R/W R/W R/W R/W R/W 


bp Flag Description 


Transmission data output edge 
0:falling 

1:rising 

Reception data input edge 
O:rising 

1:falling 


SC1CE1 





First bit to be transferred 
SC1DIR O:MSB first 
1:LSB first 





Start condition selection 
SC1STE 0:Disabled 
1:Enabled 


Transfer bit 
000:1bit 
001 :2bit 
SC1LNG2 010:3bit 
SC1LNG1 011 :4bit 
SC1LNGO 100:5bit 
101 :6bit 
110:7bit 
111:8bit 











Control Registers XIl- 7 


Chapter 12 
Serial interface 1 


@ Serial interface 1 Mode Register 1(SC1MD1:0x03F9A) 


bp 


7 


6 5 4 3 2 1 


0 





Flag 


SC1IOM 


SC1SBO 


SC1ISBTS | SC1SBIS SC1CKM | SC1MST | SC1DIV 


SC1CMD 





Reset 


0 


0 0 0 0 0 


0 





Access 





SC1IOM 




















Description 


Serial data input selection 
0:Data input from SBI1 (RXD1) 
1:Data input from SBO1 (TXD1) 








SC1SBTS 


SBT1 pin function selection 
0:Port 
1:Transfer clock I/O 





SC1SBIS 


Serial input control selection 
O:Input "1" 
1:Input serial 





SC1SBOS 


SBO1(TXD1) pin function 
0:Port 
1:Output serial data 





SC1CKM 


Transfer clock dividing selection 
0:Not divided 
1:Divided by 8 





SC1MST 


Clock master/ slave selection 
0:Clock slave 
1:Clock master 





SC1DIV 


Transfer clock dividing selection 
0:Devided by 8 
1:Devided by 16 
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SC1CMD 


Control Registers 


Synchronous serial/ duplex UART selection 
0:Synchronous serial 
1:Duplex UART 








Chapter 12 
Serial interface 1 


@ Serial interface 1 Mode Register 2 (SC1MD2:0x03F9B) 


bp 7 6 5 4 3 1 0 
Flag SC1FM1 | SC1FMO | SC1PM1 | SC1PMO | SC1NPE SC1BRKF | SC1BRKE 
Reset 0 0 0 0 0 0 0 



































Access R 


Description 


Frame mode specification 
00:7 data bit + 1 stop bit 
01:7 data bit + 2 stop bit 
10:8 data bit + 1 stop bit 
11:8 data bit + 2 stop bit 


SC1FM1 
SC1FMO 





Added bit specification 

Transmission Reception 

SC1PM1 00:Add "0" Check for 0 

SC1PMO 01:Add "1" Check for 1 

10:Add odd parity Check for odd parity 
11:Add even parity Check for even parity 





Parity enable 
SC1NPE 0:Enable parity bit 
1:Disable parity bit 








Break status receive monitor 
SC1BRKF 0:Data reception 
1:Break reception 





Break status transmit control 
SC1BRKE 0:Data transmission 
1:Break transmission 
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@ Serial interface 1 Mode Register 3 (SC1MD3:0x03F9C) 


bp 


7 


6 3 2 1 0 





Flag 


SC1FDC1 


SC1PSC 


SC1FDCO SC1PSC2 | SC1PSC1 | SC1PSCO 





Reset 


0 


0 0 0 0 





Access 





SC1FDC1 
SC1FDCO 























Description 


Output selection after SBO1 final data transmission 
00:Fix to "1" (High) output 

01:Hold final data 

10:Fix to "0" (Low) output 


11:Reserved 








SC1PSCE 


Prescaler count control 
0:Disable the count 
1:Enable the count 








SC1PSC2 
SC1PSC1 
SC1PSCO 


Control Registers 


Selection clock 
000:fosc/2 

001 :fosc/4 
010:fosc/16 

011 :fosc/64 
100:fs/2 

101:fs/4 
110:Timer 1 output 
111:Timer 2 output 








@ Serial interface 1 Status Register (SC1STR:0x03F9D) 


7 


6 5 4 3 2 


1 
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0 





SC1TBS 


SC1RBSY | SC1TEMP | SC1REMP | SC1FEF | SC1PEK 


SC1ORE 


SC1ERE 











SC1TBSY 

















Description 


Serial bus status 
0:Other use 
1:Serial transmission in progress 











SC1RBSY 


Serial bus status 
0:Other use 
1:Serial reception in progress 





SC1TEMP 


Transmission buffer empty flag 
0:Empty 
1:Full 





SC1REMP 


Reception buffer empty flag 
0:Empty 
1:Full 





SC1FEF 


Framing error detection 
0:No error 
1:Error 





SC1PEK 


Parity error detection 
0:No error 
1:Error 





SC1ORE 


Overrun error detection 
0:No error 
1:Error 





SC1ERE 





Error monitor flag 
0:No error 
1:Error 
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@ Serial interface I/O pin switching control Register (SCSEL:0x03F90) 


7 


6 


5 


4 


1 


0 





TEMPSC 


12 


TEMPSC 
11 


TEMPSC2 


TEMPSC1 


SC1ORE 


SC1ERE 





0 


0 


0 


0 


0 


0 





























Description 


Serial 1 used timer 2 output dividing switching 
X0:Timer 2 output 

01:Timer 2 output divided by 2 

11:Timer 2 output divided by 8 


TMPSC12 
TMPSC11 





Serial 0 used timer 2 output dividing switching 
X0:Timer 2 output 

01:Timer 2 output divided by 2 

11:Timer 2 output divided by 8 


TMPSC02 
TMPSCO01 





Serial 4 I/O pin switching 
0:A (P10, P11) 
1:B (P76, P77) 








Serial 1 I/O pin switching 
0:A (P15 to P17) 
1:B (PA4 to PA6) 





Serial 0 I/O pin switching 
0:A (PAO to PA2) 
1:B (P75 to P77) 











XII - 12 Control Registers 


Chapter 12 
Serial interface 1 


12.3 Operation 





Serial interface | can be used for both clock synchronous and duplex UART. 


12.3.1. Clock Synchronous Serial Interface 





H Activation Factor for Communication 


Table: 12.3.1 shows activation factors for communication. At master communication, the transfer clock is gener- 
ated by setting data to the transmission data buffer TXBUF1, or by receiving a start condition. Except during 
communication, the input signal from SBT1 pin is masked to prevent operating errors by noise. This mask can be 
released automatically by setting a data to TXBUF1 (access to the TXBUF!I register), or enabling a start condition 
to the data input pin. Therefore, at slave communication, set data to TXBUF1, or input an external clock after a 
start condition is input. 


However, the external clock should be input after 3.5 transfer clock interval past from the data set to TXBUF1. 
This period is for loading the data from TXBUF1 to the internal shift register. 


Table:12.3.1 Synchronous Serial Interface Activation Factor and Cautions 









































Clock Communication type Start condition | Activation source of communication 
Master Transmission Enabled Set transmission data (*1) 
Disabled Set transmission data(*2) 
Reception Enabled Input start condition(*3) 
or 
Set dummy data(*2) 
Disabled Set dummy data (*2) 
Transmission/Reception | Enabled -(*4) 
Disabled Set transmission data(*2) 
Slave Transmission Enabled Input clock after transmission data is set (*5) 
Disabled Input clock after transmission data is set (*6) 
Reception Enabled Input clock after start condition is input (*7) 
or 
Input clock after dummy data is set (*6) 
Disabled Input clock after dummy data is set (*6) 
Transmission/Reception | Enabled -(*4) 
Disabled Input clock after transmission data is set (*6) 
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(*1) After the start condition output, the transfer clock is output after 1 transfer clock interval. 


(*2) After setting transmission data/dummy data, the transfer clock should be output after 3.5 transfer 
clock interval at the maximum. The system configuratioin is required so that the transmission data/ 
dummy data are written after the master receives the information of slave data load completion. 

(*3) After the start condition input, output the transfer clock after 2.5 transfer clock interval at the 
maximum. When receiving data continuously, the system configuration is required to notify the 
master of the readout completion. Without the notification, the data before readout may be 


overwritten. 

(*4) When the start condition is set to "enable", transmission and reception should not be excuted at the 
same time. 

(*5) After setting the transmission data, output the start condition and wait until the master excutes the 
clock input. At the clock input, 1 or more transfer clock interval is required after the start condition 
output. 

(*6) At the clock input, 3.5 or more transfer clock interval is required after setting transmission data/ 


dummy data. The system configuration is required to notify the master of the data load completion. 


(*7) At the clock input, 0.5 or more transfer clock interval is required after the start condition input. When 
receiving data continuously, the system configuration is required to notify the master of the readout 
completion. Without the notification, the data before readout may be overwritten. 


@ Transfer Bit Setup 


The transfer bit count is selected from 1 to 8 bits. Set the transfer bit count by the SCILNG 2 to 0 flag of the 
SC1MD0 register (at reset:111). The SC1LNG2 to 0 flag holds the former set value until it is set again. 





Except during communication, SBT1 pin is masked to prevent errors by noise. At slave com- 
| munication, set data to TXBUF1 or input a clock to SBT1 pin after a start condition is input. 
a 








To communicate properly, more than 2.5 transfer clock interval after the data set to TXBUF 1 
| is required to input the external clock. 
a 





@ Start Condition Setup 
The SCISTE flag of the SC1MDO0 register sets whether a start condition is enabled or disabled. 


The start condition is recognized when SC1CE1 flag of SC1MD0 is set to "0" and a clock line (SBT! pin) is "H", 
data line (SBI1 pin with 3 lines or SBO1 pin with 2 lines) is changed from "H" to "L". Also, it is recognized when 
SCICEI flag is set to "1" and a clock line (SBT1 pin) is "L", data line (SBI1 pin with 3 lines or SBO1! pin with 2 
lines) is changed from "H" to "L". 


Both the SCISBOS flag and the SCISBIS flag of the SC1MD1 register should be set to "0", before the start con- 
dition setup is changed. 


When transmission and reception are executed at the same time, set the start condition to "disable" to prevent 
abnormal operation. 


@ First Transfer Bit Setup 
The SCIDIR flag of the SC1MDO0 register can set the transfer bit. MSB first or LSB first can be selected. 
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MH Transmission Data Buffer 


The transfer data buffer TXBUF1 is the spare buffer which stores data to be loaded to internal shift register. Set 
the data to be transferred to transfer data buffer TXBUF1, and the data is automatically loaded to internal shift 
register. The data loading takes more than 3 transfer clocks cycles. Data setting to TXBUF1 again during data 
loading may not be operated properly. You can determine whether or not data loading is in progress by monitoring 
transfer buffer empty flag SC1TEMP of the SCISTR. SC1TEMP flag is set to "1" when data is set to TXBUF1 
and cleared to "0" when data loading ends. 


(Data set to TXBUF1), ; : : 

Ww: 

Clock : : 
(prescaler output) : 


SC1TEMP 





Clock(SBT1 pin) 






Data road period 


Figure:12.3.1 Transmission Data Buffer 


m Reception Date Buffer 


The reception data buffer RXBUF1 is the spare buffer that pushed the received data in the internal shift register. 
After the communication complete interrupt SC1TIRQ is generated, all data stored in the internal shift register is 
stored to the received data buffer RXBUF1 automatically. RXBUFI can store data up to 1 byte. RXBUF1 is 
rewritten every time communication is completed. Data of RXBUF1 should be read out before the next reception 
is completed. The received data buffer empty flag SC1REMP is set to "1" at the same time SCITIRQ is gener- 
ated. SC1REMP is cleared to "0" after RXBUF1 is read out. 


To communicate properly, the external clock should be input after 3.5 transfer clock interval past from the data set 
to TXBUFI. 


When the start condition is set to "enable" in the clock synchronous communication, trans- 
mission and reception should not be executed at the same time to prevent abnormal opera- 


tion. 











If the start condition is input to restart during communication, the transmission data is not 
valid. Set the transmission data to TXBUF1 again to operate the transmission again. 








RXBUF1 is rewritten every time communication is completed. At continuous communication, 
data of RXBUF1 should be read out before the next reception is completed. 
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M@ Transfer Bit Count and First Transfer Bit 


At transmission, when the transfer bit count is | bit to 7bits, the data storing method to the transmission data 
buffer TXBUF1 is different depending on the first transfer bit selection. At MSB first, use the upper bits of 
TXBUF!1 for storing. When the transfer bit count is 6 bits, as shown on Figure:12.3.2, if data"A" to "F" are 
stored to bp2 to bp7 of TXBUF1, the transmission is operated from "F" to "A". At LSB first, use the lower bits of 
TXBUF!1 for storing. When the transfer bit count is 6 bits, as shown on Figure:12.3.3, if data""A" to "F" are 
stored to bp0 to bp5 of TXBUF'1, the transmission is operated from "A" to "F". 























TXBUF1 | F E | D | C B A | 





Figure:12.3.2 Transmission Bit Count and First Transfer Bit (starting with MSB) 





TXBUF1 F E D C B | A 





























Figure:12.3.3 Transmission Bit Count and First Transfer Bit (starting with LSB) 


@ Reception Bit Count and First Transfer Bit 


At reception, when the transfer bit count is 1 bit to 7 bits, the data storing method to the received data buffer 
RXBUF1 is different depending on the first transfer bit. At MSB first, data is stored to the lower bits of 
RXBUF1. When the transfer bit count is 6 bits, as shown on figure Figure:12.3.5, if data "A" to "F" are stored to 
bp0 to bp5 of RXBUF1, the transmission is operated from "F" to "A". At LSB first, data is stored to the upper 
bits of RXBUF1. When there the transfer bit count is 6 bits, as shown on Figure:12.3.4, if data "A" to "F" are 
stored to bp2 to bp7 of RXBUF1, the transmission is operated from "A" to "F". 





RXBUF1 | A B | C | D E F 























Figure:12.3.4 Reception Bit Count and First Transfer Bit (starting with MSB bit) 


7 6 5 4 3 2 1 0 


RXBUF1 | F E D C B A 


Figure:12.3.5 Reception Bit Count and First Transfer Bit (starting with LSB bit) 
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HM Continuous Transmission 


This serial interface has a function for continuous communication. If data is set to the transmission data buffer 
TXBUFI during communication, the transmission buffer empty flag SC1TEMP is automatically set to communi- 
cate continuously. Data set to TXBUFI1 should be done after the data is loaded to the internal shift register before 
the communication complete interrupt SC1TIRQ is generated. At master communication, suspension of commu- 
nication between the SC1TIRQ generation and the next transfer clock output is 4 transfer clocks. 


M Input Edge/ Output Edge Setup 


The SCICE1 flag of the SC1MDO0 register set the output edge of the transmission data and the input edge of the 
received data. Data at transmission is output at the falling edge of clock as the SC1CE1 flag = "0", and at the ris- 
ing edge of clock as the SC1CE1 = "1". Data at reception is input at the rising edge of clock as the SC1CE1 = "0", 
and at the falling edge of clock as the SCICE]I flag = "1". 


Table:12.3.2 Transmission Data Output Edge and Reception Data Input Edge 





SC1CE1 Transmission data output edge Reception data input edge 


a 
oe 





0 





_ fo 
a 
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M@ Clock Setup 


Clock source is selected from the dedicated prescaler and timers 1, 2 output (2 channels) with the SC1PSC2 to 0 
of the SC1MD3 register. The dedicated prescaler is started by selecting "count enable" with the SC1PSCE flag of 
the SCIMD3 register. The SC1MST flag of the SC1MD1 register can select the internal clock (clock master), or 
the external clock (clock slave). Even if the external clock is selected, set the internal clock that has the same 
clock cycle or lower to the external clock, by the SC1MD3 register as the interrupt flag SC1TIRQ is generated by 
the internal clock. The following is the internal clock source that can be set by the SC1MD3 register. Also, the 
SC1CKM flag of the SCIMD1 register can divide the internal clock. SC1DIV flag can select the dividing ratio 
between "divided by 8" and "divided by 16". 


Table:12.3.3 Synchronous Serial Interface Clock Source 





serial 1 





Clock source 
(internal clock) 





fosc/2 





fosc/4 





fosc/16 





fosc/64 





fs/2 





fs/4 





Timer 1 output 





Timer 2 output 





Timer 2 output/2 








Timer 2 output/8 








Set always the SC1SBIS flag and SC1SBOS flag of the SC1MD1 register to "0" before 
switching the clock setup. 








When the slave reception is executed with the start condition "enable" at the continuous com- 
munication, the system configuration is required to notify the master of the readout comple- 
tion.Without the notification, the data before readout may be overwritten. 
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@ Used Pin Switching 


Used pin can be switched to A (SBOIA, SBILA, SBTIA) or B (SBOIB, SBIIB, SBT1B) by the SCISL flag of 
the SCSEL register. 


@ Data Input Pin Setup 


3 channels type (clock pin: SBT1 pin, data output pin: SBO1 pin, data input pin: SBI1 pin) or 2 channels type 
(clock pin :SBT1 pin, data I/O pin: SBO1 pin) can be selected as a communication mode. SBI1 pin can be used 
only for serial data input. SBO1 pin can be selected as serial data input or output. Whether the serial data is input 
from SBI1 pin or SBO!1 pin, it can be selected by the SCIIOM flag of the SC1MD1 register. When "data input 
from SBO1 pin" is selected to set the 2 channels type, transmission/ reception can be switched by the SBO1 pin 
direction control. For SBOIA pin, it can be done by the PI DIRS flag of the P1DIR register, for SBO1B pin, by 
the PADIRS flag of the PADIR register. At this time, SBI1 pin can be used as a general port, too. 





The transfer speed should be up to 5.0 MHz. If the transfer clock is over 5.0 MHz, the trans- 
| mission data may not be sent correctly. 








At reception, if SC1IOM of the SC1MD1 register is set to "1" and "serial data input from 
SBO1" is selected, SBI1 pin can be used as a general port. 


m@ Reception Buffer Empty Flag 





After reception is completed (SC1ITIRQ is generated), data is automatically stored to RXBUF1 from the internal 
shift register. If data is stored to the shift register RXBUF1 when the SCISBIS of the SCIMD1 register is set to 
"serial input", the reception buffer empty flag SC1REMP of the SCISTR register is set to "1". This indicates that 
the reception data is going to be read out. SCIREMP is cleared to "0" by reading out the data of RXBUF1. 


m@ Transmission Buffer Empty Flag 


During the communication (after setting data to TXBUF1 and before the communication complete interrupt 
SCITIRQ is generated) if any data is set to TXBUF1 again, the transmission buffer empty flag SC1REMP of the 
SCISTR register is set to "1". This indicates that the next transmission data is going to be loaded. Data is loaded 
to the inside shift register from TXBUF1 by generation of SC1TIRQ, and the next transfer is started as SC1TEMP 
is cleared to "0". 


M@ Overrun Error and Error Monitor Flag 


After reception complete, if the next data has been already received before reading out of the data of the received 
data buffer RXBUF1, overrun error is generated and the SCIORE flag of the SCISTR register is set to "1". At 
the same time, the error monitor flag SC1ERE is set to indicate a reception error. The SCIERE flag is cleared 
after the data of the RXBUF1 is read out and the next communication complete interrupt SC1TIRQ is generated. 
SCI1ERE is cleared as SCIORE flag is cleared. These error flags have no effect on communication operation. 


™@ Reception BUSY Flag 


When the SCISBIS flag of the SCIMD1 register is set to “serial data input’ and the data is set to TXBUF1, or the 
start condition is recognized, the BUSY flag SCIRBSY of the SCISTR register is set to "1". The flag is cleared 
to “0” after the communication complete interrupt SC1TIRQ is generated. During continuous communication, 
the SCIRBSY flag is always set. If the transmission buffer empty flag SC1TEMP is cleared to "0" as the commu- 
nication complete interrupt SC1TIRQ is generated, SCIRBSY is cleared to "0". If the SCISBIS flag is set to "0" 
during communication, the SCIRBSY flag is cleared to "0". 
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™@ Transmission BUSY Flag 


When the SCISBOS flag of the SCOMD1 register is set to “serial data output” and the data is set to TXBUF1, or 
the start condition is recognized, the SC1TBUSY flag of the SCISTR register is set if the SC1SBOS flag of the 
SC1MD1 register is “1”. The flag is cleared to “O” after the communication complete interrupt SC1TIRQ is gen- 
erated. During continuous communication, the SCITBSY flag is always set. If the transmission buffer empty flag 
SC1TEMP is cleared to "0" as the communication complete interrupt SC1TIRQ is generated, SCITBSY is 
cleared to "0". If the SC1SBOS flag is set to "0" during communication, the SC1TBSY flag is cleared to "0". 


HM Forced Reset 


This serial interface contains forced reset for abnormal operation. For forced reset, the SCISBOS flag and the 
SCISBIOS flag of the SC1MD1 register should be set to "0" (SBOI pin: port, input data:"1" input). 


At forced reset, the status register (the SC1BRKF flag of the SC1MD2 register, all flags of the SC1STR register) 
are initialized as they are set at reset, but the control register holds the set value. 


H Last Bit of Transmission Data 


Table: 12.3.4 shows the data output holding period of the last bit at transmission, and the minimum data input 
period of the last bit at reception. At slave, the internal clock should be set up to keep the data hold time at trans- 
mission. 


Table:12.3.4 Last Bit Data Length of Transfer Data 





The last bit data holding period at transmission | The last data input period at reception 





At master 1 bit data length 1 bit data length (Minimum) 





At slave [1 bit data length of external clock x 1/2] + 
[internal clock cycle x (1-2)] 

















When start condition is disabled (at SC1STE flag = 0), the SBO1 output after the data output holding period of the 
final bit can be set by the setting value of the SC1FDC1 to 0 flag of the SC1MD3 register as shown on 
Table: 12.3.5. 


After releasing the reset, despite the setting value of the SC1FDC1 to 0 flag, output before the serial transfer is 
"H". When start condition is enabled (at SCISTE flag = 1), despite the setting value of the SC1FDC1 to 0, "H" is 
output. 


Table:12.3.5 SBO1 Output after the Data Output Holding Period of the Last Bit (without start condition) 

















SBO1 output after the data 
SC1FDC1 flag SC1FDCO flag output holding period of the 
last bit 
0 0 Fixed to "1"(High) output 
1 0 Last data holding 
0 1 Fixed to "0"(Low) output 
{ 1 Reserved 
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Table: 12.3.6 shows flags that do not required to be set or monitored as the flags are not used at clock synchronous 


communication. 


Table:12.3.6 Other Control Flag 



































Register Flag Detail 
SC1MD2 SC1BRKE Break status transmission control 
SC1BRKF Break status reception monitor 
SC1NPE Parity enable 
SC1PM1 to 0 Added bit specification 
SC1FM1 to 0 Frame mode specification 
SC1STR SC1PEK Parity error detection 
SC1FEF Frame error detection 
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M@ Transmission Timing 


At master 


At slave 
Tmax=2.5T T TT | . . . ‘Tmax=2T — 
Clock 
(SBT1 pin) 
Output pin 
(SBO1 pin) 


Transfer bit 
counter 


SC1 TBSY 





(Data set to TXBUF1) : 
Interrupt(SC1TIRQ) | 


Figure:12.3.6 Transmission Timing (at falling edge, start condition is enabled) 


At master 


At slave 
Tmax=3.5T T Tmax=2T 
Clock | = 
(SBT1 pin) 
Output pin 
(SBO1 pin) 


Transfer bit 
counter 


SC1 TBSY 





(Data set to TXBUF1) A 
Interrupt(SC1TIRQ) 





Figure:12.3.7 Transmission Timing (at falling edge, start condition is disabled) 
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At master At slave 
Tmax=2.5T T TT Tmax=2T 
<== ; ; ——-. 


Clock(SBT1 pin) 


Output pin 
(SBO1 pin) 


Transfer bit 
counter 





SC1TBSY 





(Data set to TXBUF1)  % 


Interrupt 
(SC1TIRQ) 





Figure:12.3.8 Transmission Timing (at rising edge, start condition is enabled) 


At master At slave 
Tmax=3.5T T | _Tmax=2T, 
Clock 
(SBT1 pin) 
Output pin 
(SBO1 pin) 


Transfer bit 
counter 





SC1TBSY 





(Data set to TXBUF1) A 


Interrupt 
(SC1TIRQ) 





Figure:12.3.9 Transmission Timing (at rising edge, start condition is disabled) 
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Mm Reception Timing 


Clock 
(SBT1 pin) 


Input pin 
(SBI1, SBO1 pin) 


Transfer bit 
counter 








SC1RBSY 


Interrupt 
(SC1TIRQ) 





Figure:12.3.10 Reception Timing (at rising edge, start condition is enabled) 


At master 
Tmax=3.5T T 
Clock 
(SBT1 pin) 
Input pin 


(SBI1, SBO1 pin) 


Transfer bit 
count 


SC1RBSY 





(Data set to TXBUF 1) 


Interrupt 
(SC1TIRQ) 


Figure:12.3.11 Reception Timing (at rising edge, start condition is disabled) 
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Clock 
(SBT1 pin) 


Input pin 
(SBI1, SBO1 pin) 


Transfer bit 
counter 








SC1RBSY 


Interrupt(SC1TIRQ) 





Figure:12.3.12 Reception Timing (at falling edge, start condition is enabled) 


At master 
Tmax=3.5T -T 


Clock 
(SBT1 pin) 


Input pin 
(SBI1, SBO1 pin) 


Transfer bit 
counter 





SC1RBSY 





(Data set to TXBUF1) A 
Interrupt(SC1TIRQ) | 





Figure:12.3.13 Reception Timing (at falling edge, start condition is disabled) 
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M@ Transmission/ Reception Timing 


As data is received at the opposite edge of the transmission clock, set the polarity of reception data input edge to 
opposite polarity of the transmission data output edge. 


When transmission and reception are executed at the same time, set the start condition to "disable" to prevent 
abnormal operation. 


SBT1 pin 






Data is received at the rising edge of clock. 


SBI1 pin 


Data is output at the falling edge of clock. 


Figure:12.3.14 Transmission/ Reception Timing (Reception: at rising edge, Transmission: at falling edge) 


SBT1 pin 






Data is received at the rising edge of clock. 


SBI1 pin 


Data is output at the falling edge of clock. 


SBO1 pin 


Figure:12.3.15 Transmission/ Reception Timing (Reception: at falling edge, Transmission: at rising edge) 
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@ Communication Function at Standby Mode 


This serial interface is capable of slave reception in STANDBY mode. CPU operation status can be recovered 
from standby to normal by the communication complete interrupt SC1TIRQ that is generated after the slave 


reception. 

(In STANDBY mode, continuous reception is disabled after data of transfer bit count set by SC1LNG2-0 flags of 
the SC1IMD0 register is received.) The received data should be read out from the received data buffer RXBUF1 
after recovering NORMAL mode. 


In STANDBY mode, reception with start condition is not available, thus, disable start condition. And set dummy 
data to transmission data buffer TXBUF1 before transition to STANDBY mode. 


Normal mode - Standby mode Normal mode 
«< >< - >< > 





<—____» 
‘ Oscillation 
i . . . . - Stabilization wait 


Clock 
(SBT1 pin) 


Inout pin 
(SBI1, SBO1 pin) 


Transfer bit 
counter 








SCIRBSY 


(Data set to TXBUF1) f 


Interrupt(SC1TIRQ) 





Figure:12.3.16 Reception Timing at Standby Mode (Reception: at rising edge, start condition is disabled) 
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@ Pins Setup (with 3 channels, at transmission) 


Table:12.3.7 shows the setup for synchronous serial interface pin with 3 channels (SBO! pin, SBI1 pin, SBT 1 
pin) at transmission. 


Table:12.3.7 Setup for Synchronous Serial Interface Pin (with 3 channels, at transmission) 

























































































Setup item Data output pin Data input pin Clock I/O pin 
SBO1A pin/SBO1B | SBI1A pin/SBI1B pin | SBT1 pin/SBT1B pin 
pin Clock master Clock slave 

SC1SCMD1(SC1MST) 

Port pin P15 P16 P17/PA6 

Port pin setup Select used pin (A, B) 

SCSEL (SC1SL) 

Serial data input | SBI1 - 

selection SC1MD1(SC1IOM) 

Function Serial data output "{" input Transfer clock I/O Transfer clock I/O 
SC1MD1(SC1SBOS) | SC1MD1(SC1SBIS) |SC1MD1(SC1SBTS) 

Style Push-pull/ Nch open- | - Push-pull/ Nch open-__| Push-pull/ Nch open- 
drain drain drain 
P10DC(P10DC5)/ P10DC(P10DC7)/PAODC(PAODC6) 
PAODC(PAODC5) 

VO Output mode - Output mode Input mode 
P1DIR(P1DIR5)/ P1DIR(P1DIR7)/PADIR(PADIR6) 
PADIR(PADIRS5) 

Pull-up setup Added/ Not added - Added/ Not added Added/ Not added 
P1PLUD(P1PLUD5)/ P1PLUD(P1PLUD7) 

PAPLU(PAPLUS5) 
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Table:12.3.8 shows the setup for synchronous serial interface pin with 3 channels (SBO! pin, SBI1 pin, SBT 1 


pin) at reception. 


Table:12.3.8 Setup for Synchronous Serial Interface Pin (with 3 channels, at reception) 







































































Setup item Data output pin Data input pin Clock I/O pin 
SBO1A pin/ SBO1B_ ‘| SBI1A pin/ SBI1B pin | SBT1A pin/ SBT1B pin 
pin Clock master Clock slave 
SC1SCMD1(SC1MST) 
Port pin P15/ PAS P16/ PA4 P17/ PA6 
Port pin setup Select used pin (A, B) 
SCSEL (SC1SL) 
Serial data input | SBI1 - 
selection SC1MD1(SC1IOM) 
Function Port Serial input Transfer clock I/O Transfer clock I/O 
SC1MD1(SC1SBOS) | SC1MD1(SC1SBIS) |SC1MD1(SC1SBTS) 
Style - - Push-pull/ Nch open- | Push-pull/ Nch open- 
drain drain 
P10DC(P10DC7) /PAODC(PAODC6) 
/O - Input mode Output mode Input mode 
P1DIR(P1DIR6) / P1DIR(P1DIR7)/ PADIR(PADIR6) 
PADIR(PADIR4) 
Pull-up setup - - Added/ Not added Added/ Not added 








P1PLUD(P1PLUD7)/ PAPLU(PAPLU6) 
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@ Pins Setup (with 3 channels, at transmission / reception) 


Table:12.3.9 shows the setup for synchronous serial interface pin with 3 channels (SBO! pin, SBI1 pin, SBT 1 
pin) at transmission / reception. 


Table:12.3.9 Setup for Synchronous Serial Interface Pin (with 3 channels, at transmission / reception) 










































































P1PLUD(P1PLUD5)/ 
PAPLU(PAPLUS) 








Setup item Data output pin Data input pin Clock I/O pin 
SBO1A pin/ SBO1B_ ‘| SBI1A pin/ SBI1B pin | SBT1A pin/ SBT1B pin 
pin Clock master Clock slave 

SC1SCMD1(SC1MST) 

Port pin P15/PA5 P16/PA4 P17/PA6 

Port pin setup Select used pin (A, B) 

SCSEL (SC1SL) 

Serial data input | SBI1 - 

selection SC1MD1(SC1IOM) 

Function Serial data output Serial input Transfer clock I/O Transfer clock I/O 
SC1MD1(SC1SBOS) | SC1MD1(SC1SBIS) |SC1MD1(SC1SBTS) 

Style Push-pull/ Nch open- | - Push-pull/ Nch open-__| Push-pull/ Nch open- 
drain drain drain 
P10DC(P10DC5)/ P10DC(P10DC7)/ PAODC(PAODC6) 
PAODC(PAODC5) 

VO Output mode Input mode Output mode Input mode 
P1DIR(P1DIR5)/ P1DIR(P1DIR6)/ P1DIR(P1DIR7)/ PADIR(PADIR6) 
PADIR(PADIRS5) PADIR(PADIR4) 

Pull-up setup Added/ Not added - Added/ Not added Added/ Not added 








P1PLUD(P1PLUD7)/ PAPLU(PAPLU6) 





Operation 





@ Pins Setup (with 2 channels, at transmission) 


Table: 12.3.10 shows the setup for synchronous serial interface pin with 2 channels (SBO1 pin, SBT1 pin) at trans- 
mission. SBI1 pin can be used as a port. 
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Table:12.3.10 Setup for Synchronous Serial Interface Pin (with 2 channels, at transmission) 

























































































Setup item Data output pin Serial unused pin Clock I/O pin 
SBO1A pin/ SBO1B_s| SBI1A pin/ SBI1B pin | SBT1A pin/ SBT1B pin 
pin Clock master Clock slave 

SC1SCMD1(SC1MST) 

Port pin P15/PA5 P16/PA4 P17/PA6 

Port pin setup _| Select used pin (A, B) 

SCSEL (SC1SL) 

Serial data input | SBO1 - 

selection SC1MD1(SC1IOM) 

Function Serial data input "4" input Transfer clock I/O Transfer clock I/O 
SC1MD1(SC1SBOS) |SC1MD1(SC1SBIS) |SC1MD1(SC1SBIS) 

Style Push-pull/ Nch open- | - Push-pull/ Nch open- | Push-pull/ Nch open- 
drain drain drain 
P10DC(P10DC5)/ P10DC(P10DC7)/ PAODC(PAODC6) 
PAODC(PAODC5) 

VO Output mode - Output mode Input mode 
P1DIR(P1DIR5)/ P1DIR(P1DIR7)/ PADIR(PADIR6) 
PADIR(P1DIR5) 

Pull-up setup Added/ Not added - Added/ Not added Added/ Not added 
P1PLUD(P1PLUD5)/ P1PLUD(P1PLUD7)/ PAPLU((PAPLU6) 
PAPLU(PAPLUS5) 
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@ Pins Setup (with 2 channels, at reception) 


Table: 12.3.11 shows the setup for synchronous serial interface pin with 2 channels (SBO1 pin, SBT1 pin) at 
reception. SBI1 pin can be used as a port. 


Table:12.3.11 Setup for Synchronous Serial Interface Pin (with 2 channels, at reception) 






















































































Setup item Data output pin Serial unused pin Clock I/O pin 
SBO1A pin/ SBO1B | SBI1 pin/ SBI1B pin | SBT1A pin/ SBT1B pin 
pin Clock master Clock slave 
SC1SCMD1(SC1MST) 
Port pin P15/PA5 P16/PA4 P17/PA6 
Port pin setup Select used pin (A, B) 
SCSEL (SC1SL) 
Serial data input SBO1 - 
selection SC1MD1(SC1IOM) 
Function Port Serial input Transfer clock I/O Transfer clock I/O 
SC1MD1(SC1SBO |SC1MD1(SC1SBIS) | SC1MD1(SC1SBIS) 
S) 
Style - - Push-pull/ Nch open- | Push-pull/ Nch open- 
drain drain 
P10DC(P10DC7)/ PAODC(PAODC6) 
V/O Input mode - Output mode Input mode 
P1DIR(P1DIR5)/ P1DIR(P1DIR7)/ PADIR(PADIR6) 
PADIR(PADIR5) 
Pull-up setup - - Added/ Not added Added/ Not added 
P1PLUD(P1PLUD7)/ PAPLU(PAPLU6) 
Operation 


12.3.2 Setup Example 


™@ Transmission / Reception Setup Example 


The setup example for clock synchronous serial communication with serial 1 is shown. Table:12.3.12 shows the 


conditions at transmission / reception. 
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Table:12.3.12 Setup Examples for Synchronous Serial Interface Transmission / Reception 
































Setup item Set to 

Serial data input pin Select SBI1 (3 channels) 
Transfer bit count 8 bit 

Start condition None 

First transfer bit MSB 

Input edge Falling edge 
Output edge Rising edge 
Clock Clock master 
Clock source fs/2 

Clock source dividing Not divided 
Used pin A (port 1) 





SBT1/SBO1 pin style 


Nch open-drain 





SBT1 pin pull-up resistor 


Added 





SBO1 pin pull-up resistor 


Added 





serial 1 communication complete 
interrupt 


Enable 











SBO1 output after last data output 


"1"(H) fix 








An example setup procedure, with a description of each step is shown below. 





Setup Procedure 


Description 





(1) Select the prescaler operation 
SC1MD3(0x03F9C) 
bp3 :SC1PSCE =1 


(2) Select the clock source 
SC1MD3(0x03F9C) 
bp2-0 :SC1PSC2-0 =100 


(3) SBO1A output control after the last data 
output 
SC1MD3(0x03F9C) 
bp7,6 :SC1FDC1-0 =00 








(1) Set the SC1PSCE flag of the SC1MD3 register to "1" to 
select "prescaler operation”. 


(2) Set the SC1PSC2 to 0 flag of the SC1MD3 register to 
"100" to select the fs/2 to clock source. 


(3) Set the SC1FDC1 to 0 flag of the SC1MD3 register to 
"00" to select "1" (High) fix of the SBO1 last data 
output. 
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Setup Procedure 


Description 








(4) Select the used pin 
SCSEL(0x03F90) 
bp1 :SC1SL =0 


(5) Control the pin style 
P10DC(0x03F 1B) 
bp7:P10DC7=1 
bp5:P10DC5=1 
P1PLUD(0x03F41) 
bp7:P1PLUD7=1 
bp5:P1PLUD5=1 


(6) Control the pin direction 
P1DIR(0x03F31) 
bp7 :P1DIR7 =1 
bp6 :P1DIR6 =0 
bp5 :P1DIR5 =1 


(7) Set the SC1MDO register 
Select the transfer bit count 
SC1MDO0(0x03F99) 
bp2-0 :SC1LNG2-0 =111 
Select the start condition 
SC1MDO0(0x03F99) 
bp3 :SC1STE =0 
Select the first bit to be transferred 
SC1MDO0(0x03F99) 
bp4 :SC1DIR =0 
Select the transfer edge 
SC1MDO0(0x03F99) 
bp7 :SC1CE1 =1 


(8) Set the SC1MD1 register 
Select the communication style 
SC1MD1(0x03F9A) 
bpO :SC1CMD =0 


Select the transfer clock 
SC1MD1(0x03F9A) 

bp2 :SC1MST =1 

bp3 :SC1CKM =0 


Select the transfer clock 
SC1MD1(0x03F9A) 

bp4 :SC1SBOS =1 

bp5 :SC1SBIS =1 

bp6 :SC1SBTS =1 

bp7 :SC1IOM =0 


(9) Set the interrupt level 
SC1TICR(0x03FF2) 
bp7-6 :SC1TLV1-0 =10 





(4) Set the SC1SL flag of the SCSEL register to "0" to select 
A (port A) as I/O pin. 


(5) Set the P1O0DC7,P10DC5 flag of the P1ODC register to 
"1,1" and select Nch open-drain to SBO1/SBT1 pin. Set 
the P1PLUD7,P1PLUD5 flag of the P1PLUD register to 
"1,1" to enable the pull-up resistor. 


(6) Set the P1DIR7, P1DIR5 flag of the Port 1 pin direction 
control register (P1DIR) to "1,1" and the P1DIR6 flag to 
"0" to set P17, P15 to the output mode, P16 to the input 
mode. 


(7) Set the SC1LNG2 to 0 flag of the serial 1 mode register 
0 (SC1MDO) to "111" to set the transfer bit count as "8 
bits". 


Set the SC1STE flag of the SC1MDO register to "0" to 
disable the start condition. 


Set the SC1DIR flag of the SC1MDO register to "0" to 
set MSB as a transfer first bit. 


Set the SC1CE1 flag of the SC1MDO register to "1" to 
set the reception data input edge "falling" and the 
transmission data output edge "rising". 


(8) Set the SC1CMD flag of the SC1MD1 register to "0" to 
select the synchronous serial. 


Set the SC1MST flag of the SC1MD1 register to "1" to 
select the clock master (internal clock). 

Set the SC1CKM flag to "0" to select "not divided" for 
the clock source. 


Set the SC1SBOS, SC1SBIS, SC1SBTS flag of the 
SC1MD1 register to "1" to set the SBO1 pin to the 
serial data output, the SBI1 pin to the serial input, SBT1 
pin to the transfer clock input/output. Set the SC1IOM 
flag "0" to set the serial data input from the SBI1 pin. 


(9) Set the interrupt level by the SC1TLV1 to 0 flag of the 
serial 1 transmission interrupt control register 
(SC1TICR). 
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Setup Procedure 


Description 





(10) Enable the interrupt 
SC1TICR(0x03FF2) 
bp1 :SC1TIE =1 
bp0O :SCOTIR =0 


(11) Start the serial transmission 
Transmission data > TXBUF1(0x03F9F) 
Reception data —> input SBI1 pin 








(10) Set the SC1TIE flag of the SC1TICR register to "1" to 
enable the interrupt. 
If any interrupt request flag (SC1TIR of the SC1TICR 
register) is already set, clear SC1TIR before the 
interrupt is enabled. 


(11) Set the transmission data to the serial transmission 
data buffer TXBUF1. The transmission or reception is 
started by the internal clock generation. When the 
transmission is finished, the serial 1 UART 
transmission interrupt SC1TIRQ is generated. 
[Chapter 3. 3-1-4 Setup] 








Note: Procedures (1) to (3),(5),(6),(7) to (8) can be set at the same time. 
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mM Reception Setup Example 


The setup example for clock synchronous serial communication with serial 1 is shown. Table:12.3.12 shows the 
conditions at Reception. 


Table:12.3.13 Setup Examples for Synchronous Serial Interface Reception 
























































Setup item Set to 

Serial data input pin Select SBI1 (3 channels) 
Transfer bit count 8 bit 

Start condition None 

First transfer bit MSB 

Input edge Falling edge 
Output edge Rising edge 
Clock Clock Slave 
Clock source fs/2 

Clock source dividing Not divided 
Used pin A (port 1) 
SBT1/SBO1 pin style Nch open-drain 
SBT1 pin pull-up resistor Added 

SBO1 pin pull-up resistor Added 

Serial 1 communication complete interrupt | Enable 

SBO1 output after last data output "1"(H) fix 








An example setup procedure, with a description of each step is shown below. 








Setup Procedure Description 
(1) Select the prescaler operation (1) Set the SC1PSCE flag of the SC1MD3 register to "1" to 
SC1MD3(0x03F9C) select "prescaler operation". 


bp3 :SC1PSCE =1 


(2) Select the clock source (2) Set the SC1PSC2 to 0 flag of the SC1MD3 register to 
SC1MD3(0x03F9C) "100" to select the fs/2 to clock source. 
bp2-0 :SC1PSC2-0 =100 


(3) SBO1A output control after the last data (3) Set the SC1FDC1 to 0 flag of the SC1MD3 register to 
output "00" to select "1" (High) fix of the SBO1 last data 
SC1MD3(0x03F9C) output. 


bp7,6 :SC1FDC1-0 =00 


(4) Select used pin (4) Set the SC1SL flag of the SC1SEL register to "0" to 
SCSEL(0x03F90) select A (port 1) as I/O pin. 
bp1 :SC1SL =0 

(5) Control the pin style (5) Set the P1O0DC7,P10DC5 flag of the P1ODC register to 
P10DC(0x03F 1B) "1,1" to select Nch open-drain to SBTO pin. Set the 
bp7:P10DC7=1 P1PLUD7,P1PLUD5 flag of the P1PLUD register to 
bp5:P10DC5=1 "1,1" to enable the pull-up resistor. 
P1PLUD(0x03F4A) 


bp7:P10DC7=1 
bp5:P10DC5=1 
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Setup Procedure 


Description 








(6) Control the pin direction 
P1DIR(0x03F31) 
bp7 :P1DIR7 =1 
bp6 :P1DIR6 =0 
bp5 :P1DIR5 =1 


(7) Set the SC1MDO register 
Select the transfer bit count 
SC1MDO0(0x03F99) 
bp2-0 :SC1LNG2-0 =111 
Select the start condition 
SC1MDO0(0x03F99) 
bp3 :SC1STE =0 
Select the first bit to be transferred 
SC1MDO0(0x03F99) 
bp4 :SC1DIR =0 
Select the transfer edge 
SC1MDO0(0x03F99) 
bp7 :SC1CE1 =1 


(8) Set the SC1MD1 register 
Select the communication style 
SC1MD1(0x03F9A) 
bpO :SC1CMD =0 


Select the transfer clock 
SC1MD1(0x03F9A) 

bp2 :SC1MST =1 

bp3 :SC1CKM =0 


Select the transfer clock 
SC1MD1(0x03F9A) 

bp4 :SC1SBOS =1 

bp5 :SC1SBIS =1 

bp6 :SC1SBTS =1 

bp7 :SC1IOM =0 


(9) Set the interrupt level 
SC1TICR(0x03FF2) 
bp7-6 :SC1TLV1-0 =10 


(10) Enable the interrupt 
SC1TICR(0x03FF2) 
bp1 :SC1TIE =1 
bp2 :SCOTIR =0 


(11) Start the serial Reception 
dummy data > TXBUF1 (0x03F9F) 
Received data > input SBI1 pin 





(6) Set the P1DIR7, P1DIR5 flag of the Port 1 pin direction 
control register (P1DIR) to "1,1" and the P1DIR6 flag to 
"0" to set P17, P15 to the output mode, P16 to the input 
mode. 


(7) Set the SC1LNG2 to 0 flag of the serial 1 mode register 
0 (SC1MDO) to "111" to set the transfer bit count as "8 
bits". 


Set the SC1STE flag of the SC1MDO register to "0" to 
disable the start condition. 


Set the SC1DIR flag of the SC1MDO register to "0" to 
set MSB as a transfer first bit. 


Set the SC1CE1 flag of the SC1MDO register to "1" to 
set the reception data input edge "falling" and the 
transmission data output edge "rising". 


(8) Set the SC1CMD flag of the SC1MD1 register to "0" to 
select the synchronous serial. 


Set the SC1MST flag of the SC1MD1 register to "0" to 
select the clock slave (external clock). 

Set the SC1CKM flag to "0" to select "not divided " for 
the clock source. 


Set the SC1SBOS, SC1SBIS, SC1SBTS flag of the 
SC1MD1 register to "1" to set the SBO1 pin to the 
serial data output, the SBI1 pin to the serial input, SBT1 
pin to the transfer clock input/output. Set the SC1IOM 
flag "0" to set the serial data input from the SBI1 pin. 


(9) Set the interrupt level by the SC1TLV1 to 0 flag of the 
serial 1 transmission interrupt control register 
(SC1TICR). 


(10) Set the SC1TIE flag of the SC1TICR register to "1" to 
enable the interrupt. 
If any interrupt request flag (SC1TIR of the SC1TICR 
register) is already set, clear SC1TIR before the 
interrupt is enabled. 


(11) Set the transmission data to the serial dummy data 
buffer TXBUF1. After the dummy data is set, when 
clock input is done after more than 3.5 transfer clock, 
reception is started. When reception is finished, the 
serial 1 UART transmission interrupt SC1TIRQ is 
generated. 

[Chapter 3. 3-1-4 Setup] 
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Note: Each procedure (1) to (3),(7),(8),(9) to (10) can be set at the same time. 


* At the reception with the start condition input, set the SCOSTE flag to "1" and the start condition to "enable" in 
step (7). In step (11), execute the start condition input instead of dummy data setting. After the start condition 
input, 0.5 or more transfer clock is needed before the clock input. 





At the reception with the start condition input, set the SCOSTE flag to “1” to select start condi- 
tion enable at the step (7) in the setup procedure. At the step (11), execute the start condition 
input instead of setting dummy data. After start condition input, more than 0.5 transfer clock 

is required for the clock input. 


= 








For transmission with 3 channels, set the SC1SBIS of SC1MD1 register to “1” to set the 
serial input to “1” input. SBI1 pin can be used as a general port. For reception with 3 chan- 
nels, set the SC1SBOS of SC1MD1 register to “O” to select “port”. SBO1 pin can be used as 
a general port. 


= 








For communication with 2 channels, serial data is input/output from the SBO1 pin. Input/out- 
put is switched by the port direction control register P1DIR. At reception, set always 
SC1SBIS of the SC1MD1 register to "1" to select "serial input". The SBI1 pin can be used as 
a general port. 


= 








This serial interface contains a force reset function. If the communication should be stopped 
by force, set SC1SBOS and SC1SBIS of the SC1MD1 register to "0". 


= 








Each flag should be set as this setup procedure in order. Activation of communication should 
be operated after all control registers (refer to Table:12.2.1 except TXBUF1) are set. 


= 








Transfer rate of transfer clock set by the SC1MD3 register should not exceed 5.0 MHz. 


= 
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™@ Transmission / Reception Setup Example (Standby Mode Reception) 


The setup example for clock synchronous serial communication with serial 1 is shown. Table:12.3.14 shows the 
condition at standby mode reception. 


Table:12.3.14 Setup Examples for Synchronous Serial Interface Transmission / Reception (Standby 
Mode Reception) 















































Setup item Set to 

Serial data input pin Select SBI1 (3 channels) 
Transfer bit count 8 bit 

Start condition None 

First transfer bit MSB 

Input edge Falling edge 
Clock Clock slave 
Operation mode Stop mode 
Clock source fs/2 

Clock source dividing Not divided 
Used pin A (port 1) 
SBT1/SBO1 pin style Push-pull 
SBT1 pin pull-up resistor Not added 
SBO1 pin pull-up resistor Not added 
serial 1 communication complete Enable 
interrupt 














An example setup procedure, with a description of each step is shown below. 








Setup Procedure Description 
(1) Select the prescaler operation (1) Set the SC1PSCE flag of the SC1MD3 register to "1" to 
SC1MD3(0x03F9C) select "prescaler operation". 


bp3 :SC1PSCE =1 


(2) Select the clock source (2) Set the SC1PSC2 to 0 flag of the SC1MD3 register to 
SC1MD3(0x03F9C) "100" to select fs/2 as the clock source. 
bp2-0 :SC1PSC2-0 =100 


(3) Select the used pin (3) Set the SC1SL flag of the SCSEL register to "0" to select 
SCSEL(0x03F90) A (port 1) as I/O pin. 
bp1 :SC1SL =0 

(4) Control the pin style (4) Set the P1O0DC7,P10DC5 flag of the P1ODC register to 
P10DC(0x03F 1B) "1" to select Push-pull to SBT1 pin. Set the 
bp7:P10DC7=0 P1PLUD7,P1PLUD5 flag of the P1PLUD register to "1" 
bp5:P10DC5=0 to enable the pull-up resistor. 
P1PLUD(0x03F41) 


bp7:P1PLUD7=0 
bp5:P1PLUD5=0 
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Setup Procedure 


Description 








(5) Control the pin direction 
P1DIR(0x03F31) 
bp7 :P1DIR7 =0 
bp6 :P1DIR6 =0 
bp5 :P1DIR5 =1 


(6) Select the transfer bit count 
SC1MD0(0x03F99) 
bp2-0 :SC1LNG2-0 =111 


(7) Select the start condition 
SC1MDO0(0x03F99) 
bp3 :SC1STE =0 


(8) Select the first bit to be transferred 
SC1MD0(0x03F99) 
bp4 :SC1DIR =0 


(9) Select the transfer edge 
SC1MD0(0x03F99) 
bp7 :SC1CE1 =1 


(10) Select the communication type 
SC1MD1(0x03F9A) 
bpO :SC1CMD =0 


(11) Select the transfer clock 
SC1MD1(0x03F9A) 
bp2 :SC1MST =0 
bp3 :SC1CKM =0 


(12) Control the pin function 
SC1MD1(0x03F9A) 
bp4 :SC1SBOS =0 
bp5 :SC1SBIS =1 
bp6 :SC1SBTS =1 
bp7 :SC1IOM =0 


(13) Set the interrupt level 
SC1TICR(0x03FF2) 
bp7-6 :SC1LV1-0 =10 


(14) Enable the interrupt 
SC1TICR(0x03FF2) 
bp1 :SC1TIE =1 
bp0 :SC1TIR =0 


(15) Set the startup factor of the serial 
communication 
Dummy data > TXBUF1 (0x03F9F) 





(5) Set the P1DIR7, P1DIR6 flag of the Port 1 pin direction 
control register (P1DIR) to "1" and the P1DIR5 flag to 
"{" to set P17, P16 to the input mode, P15 to the output 
mode. 


(6) Set the SC1LNG2 to 0 flag of the serial 1 mode register 
(SC1MDO) to "111" to set the transfer bit count as "8 
bits". 


(7) Set the SC1STE flag of the serial 1 mode register 
(SC1MDO) to "1" to disable the start condition. 


(8) Set the SC1DIR flag of the SC1MDO register to "0" to set 
MSB as a transfer first bit. 


(9) Set the SC1CE1 flag of the SC1MD0 register to "1" to 
set the reception data input edge "falling". 


(10) Set the SC1CMD flag of the SC1MD1 register to "0" to 
select the synchronous serial. 


(11) Set the SC1MST flag of the SC1MD1 register to "0" to 
select the clock slave (external slave). 
Set the SC1CKM flag to "0" to select "not divided" for 
the clock source. 


(12) Set the SC1SBOS flag of the SC1MD1 register to "0", 
the SC1SBIS flag, SC1SBTS flag to "1" to set the 
SBO1 pin to a general port, the SBI1 pin to the serial 
data input, the SBT1 pin to the transfer clock input/ 
output. Set the SC1IOM flag "0" to set the serial data 
input from the SBI1 pin. 


(13) Set the interrupt level by the SC1LV1 to 0 flag of the 
serial 1 UART transmission interrupt control register 
(SC1TICR). (Set level 2) 


(14) Set the SC1TIE flag of the SC1TICR register to "1" to 
enable the interrupt. 
If any interrupt request flag (SC1TIR of the SC1TICR 
register) is already set, clear SC1TIR before the 
interrupt is enabled. 


(15) Set the dummy data to the serial transmission data 
buffer TXBUF1. 
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Setup Procedure Description 
(16) Transfer to STOP mode (16) Set the STOP flag of the CPUM register to "1" to 
CPUM(0x03F00) transfer to the stop mode. 
bp3:STOP =1 
(17) Start the serial communication (17) Input the transfer clock to the SBT1 pin and transfer 
Dummy data — TXBUF1(0x03F9F) data to the SBI1 pin. 


Reception data — input SBI1 pin 


(18) Recover from the standby mode (18) The serial 1 UART transmission interrupt SC1TIRQ is 
generated at the same time of the 8" bits data 

reception. After the oscillation stabilization wait, CPU 
is recovered from the stop mode to the normal mode. 














Note: Procedure (1),(2) (6) to (9), (10) to (12), (13) to (14) can be set at the same time. 





Each flag should be set as this setup procedure in order. Activation of communication should 
| be operated after all control registers (refer to Table:12.2.1 except TXBUF1) are set. 
a 
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12.3.3 UART Serial Interface 
TF 


Serial | can be used for duplex UART communication. Table:12.3.15 shows UART serial interface functions. 


Table:12.3.15 URAT Serial Interface Functions 























Communication style UART (duplex); 
Interrupt SC1TIRQ (transmission), SC1RIRQ (reception) 
Used pins TXD1 (output / input) 
RXD1 (input) 
First transfer bit specification MSB /LSB 
Parity bit selection O 
Parity bit control 0 parity 
1 parity 
odd parity 
even parity 
Frame selection 7 bits + 1 STOP 


7 bits + 2 STOP 
8 bits + 1 STOP 
8 bits + 2 STOP 





Continuous operation O 





Maximum transfer rate 300 kbps 
(standard 300 bps to 38.4 kbps) 
(with baud rate timer) 
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H Activation Factor for Communication 


At transmission, when data is set to the transmission data buffer TXBUF1, start condition is generated to start 
transfer. At reception, when a start condition is received, communication is started. At reception, if the data 
length of "L" for start bit is longer than 0.5 bit, that can be recognized as start condition. 


H@ Transmission 


Data transfer is automatically started by setting data to the transmission data buffer TXBUF1. When the trans- 
mission is completed, the serial | transmission interrupt SC1TIRQ is generated. 


m Reception 


Once the start condition is received, reception is started after the transfer bit counter that counts transfer bit is 
cleared. When the reception is completed, the serial 1 reception interrupt SC1RIRQ is generated. 


m@ Duplex communication 


On duplex communication, the transmission and reception can be operated separately at the same time. The 
frame mode and parity bit of the used data on transmission / reception should have the same polarity. 


@ Transfer Bit Count Setup 


The transfer bit count is automatically set after the frame mode is specified by the SCIFM1 to 0 flag of the 
SC1IMD2 register. If the SCICMD flag of the SC1MD1 register is set to "1", and UART communication is 
selected, the setup by the synchronous serial transfer bit count selection flag SC1LNG72 to 0 is no longer valid. 


@ Data Input Pin Setup 


2 channels type, data output pin (TXD1 pin), data input pin (RXD1 pin, or | channel type, data I/O pin (TXD1 
pin) can be selected as a communication mode. The RXD1 pin can be used only for serial data input. The TXD1 
pin can be used for serial data input or output. Whether the serial data is input from RXD1 or TXD1, it can be 
selected by the SCLIIOM flag of the SCIMD1 register. When "data input from TXD1 pin" is selected to set the | 
channel communication, transmission / reception can be switched by the TXDO pin direction control. For 
TXDOA pin, it can be done by the PADIR2 flag of the PADIR register. For TXDOB, by the P7DIRS flag of the 
P7DIR register. At the same time, the RXD1 pin can be used as a general port. 


mM Reception Buffer Empty Flag 


When SCIRIRQ is generated, data is stored automatically to RXBUF1 from the internal shift register. When data 
is stored to RXBUF1 from the shift register, the reception buffer empty flag SC1REMP of the SCISTR register is 
set to "1". That indicates that the received data is going to be read out. SC1REMP is cleared to "0" by reading out 
the data of RXBUFI1. 


™ Reception BUSY Flag 


When the start condition is recognized, the SCIRBSY flag of the SC1ISTR register is set to "1". When the recep- 
tion complete interrupt SC1TIRQ is generated, the flag is cleared to “O”. If the SCISBIS flag is set to "0" during 
reception, the SCIRBSY flag is reset to "0". 


™@ Transmission BUSY Flag 


When data is set to TXBUF1, the SCITBSY flag of the SC1STR register is set to "1". When the transmission 
complete interrupt SC1TIRQ is generated, the flag is cleared to "0". During continuous communication, the 
SCITBSY flag is always set. If the transmission buffer empty flag SC1TEMP is set to "0" as the transmission 
complete interrupt SC1TIRQ is generated, the SCITBSY is cleared to "0". If the SCISBOS flag is set to "0", the 
SCITBSY flag is reset to "0". 
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mM Frame Mode and Parity Check Setup 


Figure 11-3-17 shows the data format at UART communication. 


Frame 











—————— Character bit ———________—_ > 


Figure:12.3.17 UART Serial Interface Transmission / Reception Data Format 


The transmission / reception data consists of start bit, character bit, parity bit and stop bit. Table:12.3.16 shows its 
types to be set. 


Table:12.3.16 UART Serial Interface Transmission / Reception Data 














Start bit 1 bit 

Character bit 7,8 bit 

Parity bit fixed to 0, fixed to 1, odd, even, none 
Stop bit 1,2 bits 











The SCIFM1 to 0 flag of the SC1MD2 register sets the frame mode. Table:12.3.17 shows the UART serial inter- 
face frame mode settings. If the SC1CMD flag of the SC1MD1 register is set to "1", and UART communication 
is selected, the transfer bit count on the SC1ILNG2 to 0 flag of the SC1MD0 register is no longer valid. 


Table:12.3.17 UART Serial Interface Frame Mode 




















SC1MD2 register Frame mode 

SC1FM1 | SC1FMO 

0 0 Character bit 7 bits + Stop bit 1 bit 
0 1 Character bit 7 bits + Stop bit 2 bits 
1 0 Character bit 8 bits + Stop bit 1 bit 
1 1 Character bit 8 bits + Stop bit 2 bits 
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Parity bit is to detect wrong bits with transmission / reception data. Table:12.3.18 shows types of parity bit. The 
SCINPE, SC1PM1 to 0 flag of the SC1IMD2 register set parity bit. 


Table:12.3.18 Parity Bit of UART Serial Interface 





SC1MD2 Parity bit Setup 





SC1NPE | SC1PM1 | SC1PMO 











0 0 0 Fixed to 0 Set parity bit to "0" 
0 0 1 Fixed to 1 Set parity bit to "1" 
0 1 0 Odd parity Control that the total of "1" of parity bit and 


character bit should be odd 





0 1 1 Even parity Control that the total of "1" of parity bit and 
character bit should be even 





1 - - None Do not add parity bit 























™@ Break Status Transmission Control Setup 


The SCIBRKE flag of the SC1MD2 register generates the brake status. If SC1BRKE is set to "1" to select the 
brake transmission, all bits from start bits to stop bits transfer "0". 


M@ Reception Error 


At reception, there are 3 types of error; overrun error, parity error and framing error. Reception error can be deter- 
mined by the SC1ORE, SC1PEK, SCIFEF flag of the SCISTR register. Even one of those errors is detected, the 
SCIERE flag of the SCISTR register is set to "1". Among reception error flags, the SC1PEK and the SC1FEF 
flags are renewed when the reception complete interrupt SC1RIRQ is generated. The SCIORE flag is cleared at 
the same time of next communication complete interrupt SC1RIRQ generation after the data of the RXBUFI is 
read out. The decision of the received error flag should be operated before the next communication is finished. 
Those error flag has no effect on communication operation. Table: 12.3.19 shows the list of reception error source. 


Table:12.3.19 Reception Error Source of UART Serial Interface 


























Flag Error 
SC1ORE Overrun error Next data is received before reading the receive buffer 
SC1PEK Parity error at fixed to 0 when parity bit is "1" 
at fixed to 1 When parity bit is "0" 
Odd parity The total of "1" of parity bit and character bit is 
even 
Even parity The total of "1" of parity bit and character bit is 
odd 
SC1FEF Framing error Stop bit is not detected 

















™@ Judgement of Break Status Reception 


Reception at break status can be judge. If all received data from start bit and stop bit is "0", the SC1BRKF flag of 
the SCIMD2 register is set and determines the break status. The SC1BRKF flag is set when the reception com- 
plete interrupt SC1RIRQ is generated. 
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BH Continuous Communication 


This serial interface has continuous communication function. When data is set to the transmission data buffer 
TXBUFI during communication, the transmission buffer empty flag SC1TEMP is automatically set to communi- 
cate continuously. This does not generate any blank in communication. Set data to TXBUF between previous 
data setup and generation of the communication complete interrupt SC1TIRQ. 


M@ Clock Setup 


Transfer clock is not necessary for UART communication itself, but necessary for setup of data transmission / 
reception timing in the serial interface. 


Select the timer to be used as a baud rate timer by the SC1MD3 register. 
@ Reception Bit Count and First Transfer Bit 


At reception, when the transfer bit count is 7 bits, the data storing method to the received data buffer RXBUFI is 
different depending on the first transfer bit selection. At MSB first, data is stored to the upper bits of RXBUF1. 
When the transfer bit count is 7 bits, as shown on Figure:12.3.18, data "G" to "A" are stored to bp7 to bp1 of 
RXBUFI in this order. At LSB first, data is stored to the lower bits of RXBUF1. When the transfer bit count is 7 
bits, as shown on Figure:12.3.19, data "A" to "G" are stored to bp0 to bp6 of RXBUF'1 in this order. 





mari | «|| 8 || oe: 3 | 




















Figure:12.3.18 Reception Bit Count and First Transfer Bit (starting with MSB) 


Bo Be Be AD ee Be aA 
RXBUF 1 |< zaGOGE s_ | 

















Figure:12.3.19 Reception Bit Count and First Transfer Bit (starting with LSB) 


Operation 


The following items are the same as clock synchronous serial. 


@ First Transfer Bit Setup 

Refer to:XII-14 

M@ Transmission Data Buffer 

Refer to: XII-15 

m Reception Data Buffer 

Refer to:XII15 

™ Transmission Bit Count and First Transfer Bit 
Refer to: XII-16 

m@ Transmission Buffer Empty Flag 
Refer to: XII-19 

m Emergency Reset 


Refer to: XII-20 
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M@ Transmission Timing 





TXD1 pin 





Parity : fStop + Stop 
bit ‘Tit bit 





SC1TBSY 
(Data settoTXBUF1) 


Interrupt(SC1TIRQ) 





Figure:12.3.20 Transmission Timing (parity bit is enabled) 


TXD1 pin 






' Stop 
- bit 








SC1TBSY } 
Jata set to TXBUF1) 7 


Interrupt 
(SC1TIRQ) 





Figure:12.3.21 Transmission Timing (parity bit is disabled) 
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mM Reception Timing 


Tmin=0.5T T 


: Stop 

















RXD1 pin : bit 
SC1RBSY 
A: : 
Input start condition 
Interrupt a 
(SC1RIRQ) 
Figure:12.3.22 Reception Timing (parity bit is enabled) 
Tmin=0.5T = T 
SP 
Parity | Stop 3 Stop 
RXD1 pin bit =F bit =: bit 
SC1RBSY 
A: : 
Input start condition | 
Interrupt oa 
(SC1RIRQ) 





Figure:12.3.23 Reception Timing (parity bit is disabled) 
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M@ Transfer Speed Setup 


Baud rate timer (timer | , timer 2) can set any transfer rate. Table:12.3.20 shows the setup example of the transfer 


speed. 
Table:12.3.20 UART Serial Interface Transfer Speed 
































Setup Register Page 
Serial 1 clock source (timer 1 , timer 2) SC1MD3 XIl-10 
Clock source dividing SC1MD1 XIl- 8 
Timer 1 clock source TM1MD V- 15 
Timer 1 compare register TM10C V- 12 
Timer 2 clock source TM2MD V- 16 
Timer 2 compare register TM20C V- 12 








Timer compare register is set as follows; 
baud rate = | / (overflow cycle x 2 x internal clock dividing) 
overflow cycle = (set value of compare register + 1) x timer clock cycle 
therefore, 
set value of compare register = timer clock frequency / (baud rate x 2 x internal clock dividing) - 1 


For example, if baud rate should be 300 bps at timer clock source fs/4 (fosc = 8 MHz, fs = fosc/2) when the inter- 
nal clock dividing is set to 8, set value should be as follows: 


Set value of compare register =(8 x 10°/2/ 4) / (300 x 2 x 8) - 1 
= 207 
= OxCF 


Timer clock source and the set value of timer compare register at the standard rate are shown in the following 


page. 





< Transfer rate should not exceed 300 kbps. 
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Table:12.3.21 Setup Value of Serial Interface Transfer Speed 1 : When Setting UART Inter Clock to 
"Divided by 8" (decimal) 









































































































































Transfer speed (bit/s) 
300 960 1200 2400 4800 
fosc |Clock source 
(MHz) | (Timer) SErwalie Calculate shale Calculate Gai vallie Calculate ch Vallie Calculate Set value Calculate 
d value d value d value d value d value 
2.00  |fosc - - 129 962 103 1202 51 2404 25 4808 
fosc/4 103 300 - - 25 1202 12 2404 - - 
fosc/16 25 300 - - - - - - - - 
fosc/32 12 300 - - - - - - - - 
fosc/64 - - - - - - - - - - 
fs/2 103 300 - - 25 1202 12 2404 - - 
fs/4 51 300 - - 12 1202 - - - - 
4.00 |fosc : - - - 207 1202 103 2404 51 4808 
fosc/4 207 300 64 962 51 1202 25 2404 12 4808 
fosc/16 51 300 - - 12 1202 - - - - 
fosc/32 25 300 - - - - - - - - 
fosc/64 12 300 - - - - - - - - 
fs/2 207 300 64 962 51 1202 25 2404 12 4808 
fs/4 104 297 - - 25 1202 12 2404 - : 
4.19  |fosc - - - - 217 1201 108 2403 54 4761 
fosc/4 217 300 67 963 - - - - - - 
fosc/16 - - 16 963 - - 6 2338 - - 
fosc/32 - - - - - - - - - - 
fosc/64 - - - - - - - - - - 
fs/2 217 300 67 963 - - - - - - 
fs/4 108 300 33 963 - - 13 2338 - - 
8.00 |fosc - - - - - - 207 2404 103 4808 
fosc/4 - - 129 962 103 1202 51 2404 25 4808 
fosc/16 103 300 - - 25 1202 12 2404 - : 
fosc/32 51 300 - - 12 1202 - - - - 
fosc/64 25 300 - - - - - - - - 
fs/2 - - 129 962 103 1202 51 2404 25 4808 
fs/4 207 300 64 962 51 1202 25 2404 12 4808 
8.38  |fosc - - - - - - 217 2403 108 4805 
fosc/4 - - 135 963 108 1201 - - - - 
fosc/16 108 300 33 963 - - 13 2338 - - 
fosc/32 - - 16 963 - - 6 2338 - - 
fosc/64 - - - - - - - - - - 
fs/2 - - 135 963 108 1201 - - - - 
fs/4 217 300 67 963 - - - - - - 
10.00 |fosc - - - - - - - - 129 4808 
fosc/4 - - 162 959 129 1202 64 2404 - - 
fosc/16 129 300 - - - - - - - - 
fosc/32 64 300 - - - - - - - - 
fosc/64 - - - - - - - - - - 
fs/2 - - 162 959 129 1202 64 2404 - - 
fs/4 - - - - 64 1202 - - - - 
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Table:12.3.22 Setup Value of Serial Interface Transfer Speed 2 : When Setting UART Inter Clock to 
"Divided by 8" (decimal) 





Transfer speed (bit/s) 





fosc 
(MHz) 


Clock source 
(Timer) 


300 


960 


1200 


2400 


4800 





Set value 


Calculate 
d value 


Set value 


Calculate 
d value 


Set value 


Calculate 
d value 


Set value 


Calculate 
d value 


Set value 


Calculate 
d value 





2.00 


fosc 


12 


9615 


3 


31250 





fosc/4 





fosc/16 





fosc/32 





fosc/64 





fs/2 





fs/4 





4.00 


fosc 





fosc/4 





fosc/16 





fosc/32 





fosc/64 





fs/2 





fs/4 





4.19 


fosc 





fosc/4 





fosc/16 





fosc/32 





fosc/64 





fs/2 





fs/4 





8.00 


fosc 


51 


9615 


31250 





fosc/4 


12 


9615 


31250 





fosc/16 





fosc/32 





fosc/64 





fs/2 


12 


9615 


31250 





fs/4 


31250 





8.38 


fosc 


54 


9523 





fosc/4 





fosc/16 





fosc/32 





fosc/64 





fs/2 





fs/4 





10.00 





fosc 





fosc/4 





fosc/16 





fosc/32 





fosc/64 





fs/2 








fs/4 
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Table:12.3.23 Setup Value of Serial Interface Transfer Speed 1 : When Setting UART Inter Clock to 
"Divided by 16" (decimal) 





Transfer speed (bit/s) 
















































































































































































300 960 1200 2400 4800 
fosc |Clock source 
(MHz) | (Timer) Serwalie Calculate Be Uae Calculate Sai valle Calculate eh Yallie Calculate Get value Calculate 
d value d value d value d value d value 
2.00 |fosc - - 64 962 51 1202 25 2404 12 4808 
fosc/4 51 300 - - 12 1202 - - - - 
fosc/16 12 300 - - - - - - - - 
fosc/32 - - - - - - - - - - 
fosc/64 - - - - - - - - - - 
fs/2 51 300 - - 12 1202 - - - - 
fs/4 25 300 - - - - - - - - 
4.00 |fosc - - 129 962 103 1202 51 2404 25 4808 
fosc/4 103 300 - - 25 1202 12 2404 - - 
fosc/16 25 300 - - - - - - - - 
fosc/32 12 300 - - - - - - - - 
fosc/64 - - - - - - - - - - 
fs/2 103 300 - - 25 1202 12 2404 - : 
fs/4 51 300 - - 12 1202 - - - - 
4.19 |fosc - - 135 963 108 1201 54 2381 - - 
fosc/4 108 300 33 963 - - - - - - 
fosc/16 - - - - - - - - - - 
fosc/32 - - - - - - - - - - 
fosc/64 - - - - - - - - - - 
fs/2 108 300 33 963 - - - - - - 
fs/4 54 298 16 963 - - - - - - 
8.00 |fosc - - - - 207 1202 103 2404 51 4808 
fosc/4 207 300 64 962 51 1202 25 2404 12 4808 
fosc/16 51 300 - - 12 1202 - - - - 
fosc/32 25 300 - - - - - - - - 
fosc/64 12 300 - - - - - - - - 
fs/2 207 300 64 962 51 1202 25 2404 12 4808 
fs/4 103 300 - - 25 1202 12 2404 - - 
8.38  |fosc - - - - 217 1201 108 2403 54 4761 
fosc/4 217 300 67 963 54 1190 - - - - 
fosc/16 54 298 16 963 - - - - - - 
fosc/32 - - - - - - - - - - 
fosc/64 - - - - - - - - - - 
fs/2 217 300 67 963 54 1190 - - - - 
fs/4 108 300 33 963 - - - - - - 
10.00 |fosc - - - - - - 129 2404 64 4808 
fosc/4 - - 80 965 64 1202 - - - - 
fosc/16 64 300 - - - - - - - - 
fosc/32 - - - - - - - - - - 
fosc/64 - - - - - - - - - - 
fs/2 - - 80 965 64 1202 - - - - 
fs/4 129 300 - - - - - - - - 
Operation 
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Table:12.3.24 Setup Value of Serial Interface Transfer Speed 2 : When Setting UART Inter Clock to 
"Divided by 16" (decimal) 





Transfer speed (bit/s) 





fosc 
(MHz) 


Clock source 
(Timer) 


300 


960 


1200 


2400 


4800 





Set value 


Calculate 
d value 


Set value 


Calculate 
d value 


Set value 


Calculate 
d value 


Set value 


Calculate 
d value 


Set value 


Calculate 
d value 





2.00 


fosc 


Fl 


31250 





fosc/4 





fosc/16 





fosc/32 





fosc/64 





fs/2 





fs/4 





4.00 


fosc 





fosc/4 





fosc/16 





fosc/32 





fosc/64 





fs/2 





fs/4 





4.19 


fosc 





fosc/4 





fosc/16 





fosc/32 





fosc/64 





fs/2 





fs/4 





8.00 


fosc 





fosc/4 





fosc/16 





fosc/32 





fosc/64 





fs/2 





fs/4 





8.38 


fosc 





fosc/4 





fosc/16 





fosc/32 





fosc/64 





fs/2 





fs/4 





10.00 





fosc 





fosc/4 





fosc/16 





fosc/32 





fosc/64 





fs/2 








fs/4 
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@ Pin Setup (with 1,2 channels, at transmission) 


Table: 12.3.25 shows the pins setup at UART serial interface transmission. The pins setup is common to the 
TXDI1 pin, RXD1 pin, regardless of whether the pins are independent / connected. 


Table:12.3.25 UART Serial Interface Pin Setup (with 1,2 channels, at transmission) 























Setup item Data output pin Data input pin 
TXD1 pin RXD1 pin 
Port pin P15/PA5 P16/PA4 
Port pin setup Select used pin (A, B) 
SCSEL (SC1SL) 
Serial data input selection RXD1 





SC1MD1(SC1IOM) 











Function Serial data output "1" output 
SC1MD1(SC1SBOS) SC1MD1(SC1SBIS) 
Style Push-pull/ Nch open-drain - 





P1ODC(P10DC5)/PAODC(PAODCS) 





V/O Output mode - 





P1DIR(P1DIR5)/PADIR(PADIRS) 





Pull-up setup Added / not added - 





P1PLUD(P1PLUD5)/PAPLU(PAPLUS5) 
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@ Pin Setup (with 2 channels, at reception) 
Table: 12.3.26 shows the pins setup at UART serial interface reception with 2 channels (TXD1 pin, RXD1pin). 
Table:12.3.26 UART Serial Interface Pin Setup (with 2 channels, at reception) 























Setup item Data output pin Data input pin 
TXD1 pin RXD1 pin 
Port pin P15/PA5 P16/PA4 
Port pin setup Select used pin (A, B) 
SCSEL (SC1SL) 
Serial data input selection RXD1 





SC1MD1(SC1IOM) 














Function Port Serial data input 
SC1MD1(SC1SBOS) SC1MD1(SC1SBIS) 

Style - - 

VO - Input mode 





: P1DIR(P1DIR6)/ 
PADIR(PADIR7) 





Pull-up setup - - 
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Table: 12.3.27 shows the pin setup at UART serial interface reception with | channel (TXD1 pin). The RXD1 pin 
in not used, so can be used as a port. 


Table:12.3.27 UART Serial Interface Pin Setup (with 1 channel, at reception) 














Setup item Data output pin Data input pin 
TXD1 pin RXD1 pin 
Port pin P15/PA5 P16/PA4 





Port pin setup 


Select used pin (A, B) 





SCSEL (SC1SL) 





Serial data input selection 


TXD1 





SC1MD1(SC1IOM) 





























Function Port Serial data input 
SC1MD1(SC1SBOS) SC1MD1(SC1SBIS) 

Style - . 

VO Input mode : 
P1DIR(P1DIR5)/PADIR(PADIRS5) 7 

Pull-up setup - - 
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@ Pin Setup (with 2 channels, at transmission / reception) 


Table: 12.3.28 shows the pin setup at UART serial interface transmission / reception with 2 channels (TXD1 pin, 
RXD1 pin). 


Table:12.3.28 UART Serial Interface Pin Setup (with 2 channels, at transmission / reception) 























Setup item Data output pin Data input pin 
TXD1 pin RXD1 pin 
Port pin P15/PA5 P16/PA4 
Port pin setup Select used pin (A, B) 
SCSEL (SC1SL) 
Serial data input selection RXD1 





SC1MD1(SC1IOM) 











Function Serial data output Serial data input 
SC1MD1(SC1SBOS) SC1MD1(SC1SBIS) 
Style Push-pull/ Nch open-drain - 





P1ODC(P10DC5)/PAODC(PAODCS) 





VO Output mode Input mode 





P1DIR(P1DIR5)/PADIR(PADIRS) P1DIR(P1DIR6)/ 
PADIR(PADIR7) 





Pull-up setup Added / not added : 





P1PLUD(P1PLUD5)/PAPLU(PAPLUS5) 
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™@ Transmission / Reception Setup 


The setup example at UART transmission / reception with serial | is shown. Table:12.3.29 shows the condition at 


transmission / reception. 
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Table:12.3.29 UART Interface Transmission Reception Setup 





Setup item 


SEt to 





TXD1/RXD1 pin 


Independent (with 2 channels) 





Frame mode specification 


8 bits + 2 stop bits 














First transfer bit MSB 

Clock source Timer 1 
Clock source dividing Divided by 8 
Used pin A (port 1) 





TXD1/RXD1 pin type 


Nch open-drain 





Pull-up resistor of TXD1 pin 


Added 

















Parity bit add/check "0" added/check 
Serial 1 transmission complete Enable 

interrupt 

Serial 1 reception complete interrupt | Enable 





An example setup procedure, with a description of each step is shown below. 





Setup Procedure 


Description 





(1) Set the baud rate timer 


(2) Select the clock source 
SC1MD3(0x03F9C) 
bp2-0 :SC1PSC2-0 =110 


(3) Select the used pin 
SCSEL(0x03F90) 
bp1 :SC1SL =0 


(4) Control the pin style 
P10ODC(0x03F1B) 
bp5:P1ODC5=1 
P1PLUD(0x03F41) 
bp5:P1PLU5=1 





(1) Set the baud rate timer by the TM1MD register, the 
TM10OC register. Set the TM1EN flag to "1" to start 
timer 1. 

[Chapter 5 5.8 Serial Transfer Clock Output Operation] 


(2) Set the bp2 to 0 flag of the SC1MDS3 register to "110" to 
select Timer 1 output as a clock source. 


(3) Set the SC1SL flag of the SCSEL register to "0" to select 
A (port 1) as I/O pin. 


(4) Set the P1ODC5 flag of the P1ODC register to "1" to 
select Nch open-drain to TXD1 pin. Set the P1PLUD5 
flag of the P1PLUD register to "1" to enable the pull-up 
resistor. 
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Setup Procedure 


Description 








(5) Control the pin direction 
P1DIR(0x03F31) 
bp5 :P1DIR5 =1 
bp6 :P1DIR6 =0 


(6) Set the SC1MDO register 
Select the start condition 
SC1MD0(0x03F99) 
bp3 :SC1STE =1 


Select the first bit to be transferred 
SC1MDO0(0x03F99) 
bp4 :SC1DIR =0 


(7) Set the SC1MD2 register 
Control the output data 
SC1MD2(0x03F9B) 
bp0 :SC1BRKE =0 


Select the added parity bit 
SC1MD2(0x03F9B) 

bp3 :SC1NPE =0 

bp5-4 :SC1PM1-0 =00 


Specify the flame mode 
SC1MD2(0x03F9B) 
bp7-6 :SC1FM1-0 =11 


(8) Set the SC1MD1 register 
Select the communication type 
SC1MD1(0x03F9A) 
bpO :SC1CMD =1 


Select the clock frequency 
SC1MD1(0x03F9A) 

bp3 :SC1CKM =1 

bp2 :SC1MST =1 

bp1 :SC1DIV =0 


Control the pin function 
SC1MD1(0x03F9A) 
bp4 :SC1SBOS =1 

bp5 :SC1SBIS =1 

bp7 :SC1IOM =0 


(9) Enable the interrupt 
SC1RICR(0x03FF1) 
bp1 :SC1RIE =1 
SC1TICR(0x03FF2) 
bp1 :SC1TIE =1 





(5) Set the P1DIR5 flag of the Port 1 pin direction control 
register (P1DIR) to "1" and the P1DIR6 flag to "0" to set 
P15 to the output mode, P16 to the input mode. 


(6) Set the SC1STE flag of the SC1MD0 register to "1" to 
enable start condition. 


Set the SC1DIR flag of the SC1MDO register to "0" to 
select MSB as first transfer bit. 


(7) Set the SC1BRKE flag of the SC1MD2 register to "0" to 
select the serial data transmission. 


Set the SC1PM1 to 0 flag of the SC1MD2 register to 
"00" to select 0 parity, and set the SC1NPE flag to "0" 
to enable add parity bit. 


Set the SC1FM1 to 0 flag of the SC1MD2 register to 
"11" to select 8 bits + 2 stop bits at the flame mode. 


(8) Set the SC1CMD flag of the SC1MD1 register to "1" to 
select duplex UART. 


Set the SC1CKM flag of the SC1MD1 register to "1" to 
select "divided" at source clock. 

Set the SC1DIV flag to “O” to select “divided by 8” as 
source clock. 

The SC1MST flag should always be set to "1" to select 
clock master. 


Set the SC1SBOS, SC1SBIS flag of the SC1MD1 
register to "1" to set the RXD1 pin to serial data output 
and the RXD1 pin to serial data input. 


(9) Set the SC1RIE flag of the SC1RICR register to "1", and 
SCITIE flag of the SC1TICR register to "1" to enable 
the interrupt request. 

If the interrupt request is already set, clear it. 
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Setup Procedure Description 
(10) Start the serial transmission (10) When the transmission data is set to the serial 
The transmission > TXBUF1(0x03F9F) transmission data buffer (TXBUF1), the transmission is 
The reception data —> input to RXD1 started. When the transmission is finished, the serial 1 


transmission interrupt (SC1TIRQ) is generated. Also, 
after the received data is stored to the RXBUF1, the 
serial 1 reception interrupt (SC1RIRQ) is generated. 














Note:(6), (7), (8) can be set at the same time. 


When the TXD1 / RXD1 pin are connected for communication with 1 channel, serial data is 

input/output from the TXD1 pin. Input/output can be switched by the port direction control 
register P1DIR. At reception, set SC1SBIOS of the SC1MD1 register to "1" to select serial 
data input. The RXD1 pin can be used as a general port. 











This serial interface contains emergency reset function. If communication need to be 
stopped by force, set SC1SBOS and SC1SBIS of the SC1MD1 register to "0". 








Each flag should be set as the setup procedure in order. Activation of communication should 
be operated after all control registers (refer to Table:12.2.1 TXBUF1, RXBUF‘1) are set. 








Timer 1 and timer 2 can be used as a baud rate timer. Refer to Chapter 5 5.8 Serial Transfer 
| Clock Output Operation. 
a 
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13.1 Overview 





This LSI contains a serial interface 3 that is capable of both clock synchronous / IIC (single master) serial commu- 


nication. 


13.1.1. Functions 





Table: 13.1.1 shows the serial interface 3 functions. 


Table:13.1.1 Serial Interface 3 Functions 





Communication style 


Clock synchronous 


lIC (single master) 






































external clock 
timer 2 output 
timer 3 output 


Interrupt SC3IRQ SC3IRQ 

Pins SBO3,SBI3,SBT3 SDA3,SCL3 

3 channels type O - 

2 channels type O (SBO3,SBT3) O 

Transfer bit count 1 to 8 bit 1 to 8 bit 

Start condition O O 

First transfer bit O O 

Input edge / Output edge O - 

SBO3 output control after final data is | H/L/ last data hold - 

transferred 

Function in STANDBY mode Slave reception only s 

ACK bit - O 

ACK bit level - O 

Clock sources fosc/2 fosc/2 
fosc/4 fosc/4 
fosc/8 fosc/8 
fosc/32 fosc/32 
fs/2 fs/2 
fs/4 fs/4 


timer 2 output 
timer 3 output 





Maximum transfer rate 





5.0 MHz 





NORMAL mode: 100 kHz 
High speed mode: 400 kHz 





fs : system clock 





fosc : machine clock (for high speed oscillation) 


In IC communication, transfer clock is obtained by dividing the clock source by 8. 
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13.1.2 Block Diagram 


@ Serial Interface 3 Block Diagram 
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Figure:13.1.1 Serial Interface 3 Block Diagram 
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13.2 Control Registers 


13.2.1. Registers List 





Table: 13.2.1 shows the registers that control serial interface 3. 


Table:13.2.1 Serial Interface 3 Control Registers List 


Register Address Function Page 





SC3MDO 0x03FA0 Serial interface 3 mode register 0 XIII-6 
SC3MD1 0x03FA1 Serial interface 3 mode register 1 XIII-7 
SC3MD3 0Ox03FA2 Serial interface 3 mode register 3 XIII-8 
SC3STR 0x03FA3 Serial interface 3 status register XIII-9 
SC3TRB 0Ox03FA4 Serial interface 3 transmission/reception shift register XIII-5 
TXBUF3 Ox03FA5 Serial interface 3 transmission data buffer XIII-5 
SC3CTR Ox03FA6 Serial interface 3 control register XIII-10 
P30DC 0x03F3B Port 3 N-ch open drain control register IV-30 
P3DIR 0x03F33 Port 3 direction control register IV-27 
P3PLU 0x03F43 Port 3 pull-up control register IV-28 
SC3ICR Ox03FF3 Serial interface 3 interrupt control register IIl-36 















































R/W : Readable / Writable 
R : Readable 
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13.2.2 Data Buffer Register 
| 


Serial interface 3 has a 8-bit serial data buffer register for transmission. 


@ Serial Interface 3 Transmission Data Buffer (TXBUF3: 0x03FA5) 


bp 


7 


6 


5 


4 


3 


2 


1 
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0 





Flag 


TXBUF37 


TXBUF36 


TXBUF35 


TXBUF34 


TXBUF33 


TXBUF32 


TXBUF31 


TXBUF30 





At reset 


Access 








13.2.3. Data Register 
SS 





Serial interface 3 has a 8-bit serial data register. 


H Serial Interface 3 Transmission / Reception Shift Register (SC3TRB: 0x03FA4) 


bp 


7 


6 


5 





4 





3 





2 








i 





0 





Flag 


SC3TRB7 


SC3TRB6 


SC3TRB5 


SC3TRB4 


SC3TRB3 


SC3TRB2 


SC3TRB1 


SC3TRBO 





At reset 


Access 
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13.2.4 Serial interface 3 Mode Register 


@ Serial Interface 3 Mode Register 0 (SC3MDO: 0x03FA0) 


bp 7 6 4 3 2 1 0 
Flag SC3BSY | SC3CE1 SC3DIR | SC3STE | SC3LNG2 | SC3LNG1 | SC3LNGO 
At reset 0 0 0 0 1 1 1 
Access R R/W R/W R/W R/W R/W R/W 
































Description 


Serial bus status in clock synchronous communication 
0: Other use 
1: Serial transnission is in progress 


SC3BSY 





Transmission data output edge Reception data input edge 
0: Falling Rising 
1: Rising Falling 


SC3CE1 





First bit to be transferred 
0: MSB first 
1: LSB first 


SC3DIR 





Start condition 
0: Disable start condition 
1: Enable start condition 


SC3STE 


Transfer bit count 
000: 1 bit 
001: 2 bit 





SC3LNG2 
SC3LNG1 
SC3LNGO 
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010: 3 bit 
011: 4 bit 
100: 5 bit 
101: 6 bit 
110: 7 bit 
111: 8 bit 
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@ Serial interface 3 Mode Register 1 (SC3MD1: 0x03FA1) 


bp 


7 


6 


5 


4 


2 





Flag 


SC3IOM 


SC3SBTS 


SC3SBIS 


SC3SBOS 


SC3MST 





At reset 


0 


0 


0 


0 


0 





Access 





SC3IOM 











Serial data input selection 
0: Data input from SBI3 
1: Data input from SBO3 (SDA3) 








Description 











SC3SBTS 


SBT3 pin 
0: Port 


function 


1: Transfer clock input / output 





SC3SBIS 


Serial input control 
0: "1" input 
1: Serial data input 





SC3SBOS 


0: Port 


1: Serial data output 


SBO3(SDAS3) pin function 








SC3MST 


0: Slave 
1: Master 


Clock master / slave selection 
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7 


6 


@ Serial interface 3 Mode Register 3 (SC3MD3: 0x03FA2) 


3 


2 


1 


0 





SC3FDC1 


SC3FDCO 


SC3PSCE 


SC3PSC2 


SC3PSC1 


SC3PSCO 





0 


0 


0 


0 


0 


0 





























Description 


SBO3 output selection after transfer of last data 
00: Fixed to "1"(High) output 

01: Hold last data 

10: Fixed to "0"(Low) output 

11: Reserved 


SC3FDC1 
SC3FDCO 








Prescaler count control 
0: Disable the count 
1: Enable the count 


SC3PSCE 





Clock selection 
000: fosc/2 

001: fosc/4 

010: fosc/8 

011: fosc/32 

100: fs/2 

101: fs/4 

110: timer 2 output 
111: timer 3 output 


SC3PSC2 
SC3PSC1 
SC3PSCO 
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bp 


5 
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Flag 


SC3TEMP 





At reset 


0 





Access 











R 











Description 











SC3TEMP 


Transfer buffer empty flag 
0: Empty 
1: Full 
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@ Serial interface 3 Control Register (SC3CTR: 0x03FA6) 


bp 


7 


6 5 4 3 2 


1 


0 





Flag 


lIIC3BSY 


IIC3STC | IIC38STPC | IIC3TMD | IIC3REX | SC3CMD 


lIC3ACKS 


IIC3ACKO 





At reset 


0 


0 0 0 0 0 


0 


0 





Access 





R 


lIIC3BSY 

















Description 


Serial bus status in IIC communication 
0: Other use 
1: Serial transnission is in progress 











IIC3STC 


Start condition 
0: Disable start condition 
1: Enable start condition *1 





IIC3STPC 


Stop condition detection flag in IIC communication *2 
0: undetected 
1: detected 





IIC3TMD 


Communication mode 
0: NORMAL mode 
1: High-speed mode 





lIIC3REX 


Transmission / reception mode selection 
0: Transmission 
1: Reception 





SC3CMD 


Synchronous / IIC selection 
0: Synchronous 
1:1IC 





IIC3ACKS 


ACK bit enable 
0: Disable 
1: Enable 








IIC3ACKO 


ACK bit level selection *3 
0: L level 
1: H level 











*1:"1"is not writable. 

*2:"0"is not writable. Also, this is not writable at the forced reset (when the SC3SBOS flag 
and SC3SBIS flag of SC3MD1register are "0"). 

*3:The written value is readable only after IIC communication is generated. 
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13.3 Operation 





Serial interface 3 is used as both clock synchronous /single master IIC serial interface. 


13.3.1. Clock Synchronous Serial Interface 





H Activation Factor for Communication 


Table: 13.3.1 shows the activation source for communication. At master, a transfer clock is generated by setting 
data to the transfer data buffer TXBUF3, or by enabling start condition. Signals input from SBT3 pin inside serial 
interface are masked to prevent operating errors by noise, except during communication. This mask is automati- 
cally released by setting data to TXBUF3 (access to the TXBUF3 register), or enabling start condition to the data 
input pin. Therefore, at slave communication, set data to TXBUF3 or input start condition before input external 
clock. 


However, the external clock should be input after more than 3.5 transfer clock interval after the data set to 
TXBUF3. This wait time is needed to load the data from TXBUF3 to the internal shift register. 
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Table:13.3.1 Synchronous Serial Interface Activation Factor and Cautions 
























































Clock Communication type | Start condition Activation source of communication 
Master Transmission Enabled Set transmission data (*1) 
Disabled Set transmission data(*2) 
Reception Enabled Input start condition(*3) 
or 
Set dummy data(*2) 
Disabled Set dummy data (*2) 
Transmission/ Enabled -(*4) 
Reception Disabled Set transmission data(*2) 
Slave Transmission Enabled Input clock after transmission data is set (5) 
Disabled Input clock after transmission data is set (*6) 
Reception Enabled Input clock after start condition is input (*7) 
or 
Input clock after dummy data is set (*6) 
Disabled Input clock after dummy data is set (*6) 
Transmission/ Enabled -(*4) 
Reception Disabled Input clock after transmission data is set (*6) 

(*1) After the start condition output, output the transfer clock 1 transfer clock later. 

(*2) After setting transmission data/dummy data, the transfer clock should be output after 3.5 transfer 
clock at the maximum. The system configuratioin is needed so that the transmission data/dummy 
data are written after the master receives the information of slave data load completion. 

(*3) After the start condition input, output the transfer clock after 2.5 transfer clock at the maximum. 
When receiving data continuously, the system configuration is needed to notify the master of the 
readout completion. Without the notification, the data before readout may be overwritten. 

(*4) When the start condition is set to "enable", transmission and reception should not be excuted at the 
same time. 

(*5) After setting the transmission data, output the start condition and wait until the master excutes the 
clock input. At the clock input, 1 or more transfer clock should be needed after the start condition 
output. 

(*6) At the clock input, 3.5 or more transfer clock should be needed after setting transmission data/ 
dummy data. The system configuration is needed to notify the master of the data load completion. 

(*7) At the clock input, 0.5 or more transfer clock should be needed after the start condition input. When 


Operation 


receiving data continuously, the system configuration is needed to notify the master of the readout 
completion. Without the notification, the data before readout may be overwritten. 
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@ Transfer Bit Count Setup 


The transfer bit count can be selected from | bit to 8 bits. Set the SC3LNG 2 to 0 flag of the SC3MD0 register (at 
reset : 111). The SC3LNG 2 to 0 flag holds the previous value until other value is set. 





during communication. At slave, set data to SC3TRB or input start condition before input 


< The SBT8 pin is masked inside serial interface to prevent operating errors by noise, except 
* clock to the TXBUF3 pin. 








Wait more than 3.5 transfer clocks before input the external clock after the data set to 
\ TXBUFS8. Otherwise, normal operation is not guaranteed. 
a 





@ Start Condition Setup 
Enable or disable of start condition can be selected with the SC3STE flag of the SC3MDO0 register. 


Start condition is detected when the SC3CE1 flag of the SC3MDO0 register is set to "0" and data line SBI3 pin (3 
channels) or SBO3 pin (2 channels) changes from "H" to "L" while the clock line (SBT3 pin) is "H". It is also 
detected when the SC3CEI flag of the SC3MDO0 register is set to "1" and data line SBI3 pin (3 channels) or SBO3 
pin (2 channels) changes from "H" to "L" while the clock line (SBT3 pin) is "L". 


Set the SC3SBOS flag of the SC3MD1 register to "0" before change the start condition edge. 


When transmission and reception are executed at the same time, set the start condition to "disable" in order to pre- 
vent abnormal operation. 


@ First Transfer Bit Setup 
The SC3DIR flag of the SC3MD0 register sets the first bit to be transferred. LSB or MSB can be selected. 
Mm Transmission Data Buffer 


The transfer data buffer TXBUF3 is the spare buffer which stores data to be loaded to internal shift register. Set 
the data to be transferred to transfer data buffer TXBUF3, and the data is automatically loaded to internal shift 
register. The data loading takes more than 3 transfer clocks cycles. Data setting to TXBUF3 again during data 
loading may not be operated properly. You can determine whether or not data loading is in progress by monitoring 
transfer buffer empty flag SC3TEMP of the SC3STR. SC3TEMP flag is set to "1"when data is set to TXBUF3 
and cleared to "0" when data loading ends. 


(Set data to TXBUF3), 

‘Vv 

Clock : 
(Prescaler output)|} : 


SC3TEMP 





Clock 
(SBT3 pin) 





$$$ $$$ $i 
Data loading time 


Figure:13.3.1 Transmission Data Buffer 
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m Reception Data Buffer 


Use transmission / reception shift register SC3TRB as reception data buffer. The received data is stored to 
SC3TRB shifting by 1 bit. 





mission and reception should not be executed at the same time in order to prevent abnormal 


< When the start condition is set to "enable" in the clock synchronous communication, trans- 
* operation. 








If start condition is input for activation during communication again, the transmission data 
becomes invalid. To transmit the data, set it to TXBUF3 again. 








SC83TRB is overwritten in every communication. In sequence reception, read out the data in 
SC3TRB before the next reception is started. 
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MH Transmission Bit Count and First Transfer Bit 


When the transfer bit count is | to 7 bits, data storage to the transmission /reception shift register TXBUF3 
depends on the first transfer bit. When MSB is the first bit to be transferred, the lower bits of TXBUF3 are used 
for storage. In Figure:13.3.2, if data "A" to "F" are stored to bp2 to bp7 of SC3TRB as the transfer bit count is 6 
bits, data is transferred from "F" to "A". When LSB is the first bit to be transferred, use the lower bits of TXBUF3 
for storage. In Figure:13.3.3, if data "A" to "F" are stored to bp0 to bp5 of TXBUF3, as the transfer bit count is 6 
bits, data is transferred from "A" to "F". 


























TXBUF3 F E D C B | A 





Figure:13.3.2 Transfer Bit Count and First Transfer Bit (MSB First) 

















TXBUF3 F E D C | B A 

















Figure:13.3.3 Transfer Bit Count and First Transfer Bit (LSB First) 


mM Receive Bit Count and First Transfer Bit 


When the transfer bit count is | to 7 bits, data storage to the transmit/receive shift register SC3TRB depends on 
the first transfer bit. When MSB is the first bit to be transferred, the lower bits of SC3TRB are used for storage. In 
Figure: 13.3.4, as the transfer bit count is 6 bits, data "A" to "F" are stored to bp5 to bpO of SC3TRB, and they are 
transferred from "F" to "A". When LSB is the first bit to be transferred, use the upper bits of SC3TRB for storage. 
In Figure: 13.3.5, data "A" to "F" are stored to bp2 to bp7 of SC3TRB, as the transfer bit count is 6 bits, and they 
are transferred from "A" to "F". 





SC3TRB A B C D E F 


Figure:13.3.4 Receive Bit Count and First Transfer Bit (MSB First) 


7 6 5 4 3 2 1 0 

















scaTRe | F elf c [fe 1 








Figure:13.3.5 Receive Bit Count and First Transfer Bit (LSB First) 


HM Continuous Transmission 


Serial interface 3 is capable of continuous transmission. If data is set to transmission data buffer TXBUF3 during 
transmission, transmission buffer empty flag SC3TEMP is set and the set data is automatically transmit. Set data 
to TXBUF3 in the period that after data is loaded to internal shift register and before communication end interrupt 
SC3IRQ is generated. In master communication, communication blank from SC3IRQ generation to next transfer 
clock output is 4 transfer clock. 
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M@ Input edge / output edge Setup 


The SC3CE1 flag of the SC3MDO0 register sets the output edge of the transmission data and the input edge of the 
received data. Data at transmission is output at the falling edge of clock as the SC3CE1 flag = "0", and at the ris- 
ing edge of clock as the SC3CE1 = "1". Data at reception is input at the rising edge of clock as the SC3CE1 = "0", 
and at the falling edge of clock as the SC3CEI flag = "1" 


Table:13.3.2 Input Edge / Output Edge of Transmission and Reception Data 

















SC3CE1 Transmission data output edge Received data input edge 
0 
Y A 
{ 
A y 























M@ Clock Setup 


Clock source is selected from the dedicated prescaler and timers 2, 3 output (2 channels) with the SC3PSC3 to 0 
of the SC3MD3 register. The dedicated prescaler is started by selecting "count enable" with the SC3PSCE of the 
SC3MD3 register. The SC3MST flag of the SC3MD1 register selects the internal clock (clock master), or the 
external clock (clock slave). Even if the external clock is selected, set the internal clock with same frequency to 
the external clock with the SC3MD3 register, as the interrupt flag SC3IRQ is generated by the internal clock. 
Table: 13.3.3 shows the internal clock source which can be set with the SC3MD3 register. 


Table:13.3.3 Synchronous Serial Interface Inside Clock Source 





Serial 3 





Clock source fosc/2 
(Internal clock) fosc/4 

fosc/8 
fosc/32 

fs/2 

fs/4 

timer 2 output 
































timer 3 output 
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< Set "0" to the SC3SBIS and SC3SBOS flags of the SC3MD register before change the clock 
setup. 
a 








munication, the system configuration is needed to notify the master of the readout comple- 


< When the slave reception is executed with the start condition "enable" at the continuous com- 
= — tion.Without the notification, the data before readout may be overwritten. 





@ Data Input Pin Setup 


There are 2 communication modes to be selected : 3 channels (clock pin (SBT3 pin), data output pin (SBO3 pin), 
data input pin (SBI3 pin)), 2 channels (clock pin (SBT3 pin), data I/O pin (SBO3 pin)). The SBI3 pin can be used 
only for serial data input. The SBO3 pin can be used for serial data input and output. The SC3IOM flag of the 
SC3MD1 register selects either serial data is input from the SBI3 pin, or the SBO3 pin. When "data input from the 
SBO3 pin" is selected for communication with 2 channels, the P3DIR3 flag of the P3DIR register is used to 
switch the transmission / reception of the SBO3 pin. The SBI3 pin, not used at that time, can be used as a general 
port. 





Maximum transfer speed should be under 5.0 MHz. If transfer clock exceeds 5.0 MHz, data 
\ may not be transferred properly. 
a 








In reception, you can use SBI3 pin as general port by setting SC3IOM of the SC3MD1 regis- 
ter to "1" to select "serial data input from SBO3 pin". 





m@ Transmission Buffer Empty Flag 


If any data is set to TXBUF3 during communication (after setting data to TXBUF3 before generating the commu- 
nication complete interrupt SC3IRQ), the transmission buffer empty flag SC3TEMP of the SC3STR register is set 
to "1". That indicates that the next transmission data is going to be loaded. Data is loaded to inside shift register 
from TXBUF3 by generation of SC3TIRQ, and the next transfer is started as SC3TEMP is cleared to "0". 


m BUSY flag 


If data is set to the transmission/reception shift register TXBUF3, or start condition is enabled, the busy flag 
SC3BSY is set. That is cleared to "0" by the generation of the communication end interrupt SC3IRQ. The 
SC3BSY flag setup is maintained during continuous communication. If transmission buffer empty flag 
SC3TEMP is "0" when communication end interrupt SC3IRQ is generated, SC3BSY is cleared to "0". 


HM Forced Reset 


You can shut down the communication by setting both of the SC3SBOS flag and the SC3SBIS flag of the 
SC3MD1 register to "0" (the SBO3 pin function : port, input data : input "1") and SC3BSY flag of the SC3MDO 
register. When a forced reset is done, the SC3BSY flag of the SC3MD0 register is cleared, but other control regis- 
ters hold their set values. 


H# Last Bit of Transmission Data 


Table: 13.3.4 shows last bit data output holding time at transmission, and the minimum data input time of the last 
bit at reception. At slave, internal clock setup is necessary to reserve data holding time at data transmission. 
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Table:13.3.4 Last Bit Data Length of Transmission Data 





at transmission Last bit data holding period 


at reception Last bit data input period 





At master 


1 bit data length 


1 bit data length (min) 





At slave 








[1 bit data length of external clock x 1/2]+ 
[internal clock cycle x (1/2 to 3/2) ] 








When start condition is disabled (SC3STE flag=0), SBO3 output after last bit data output hold time can be set 


with SC3FDC1-0 of the SC3MD3 register as shown in Table: 13.3.5. 


After reset release, output before serial transfer is "H" regardless of the set value of SC3FDC1-0 flags. When start 


condition is enabled (SC3STE flag =1), "H" is output regardless of the set value of SC3FDC1-0 flags. 
Table:13.3.5 SBO3 Output after Last Bit Data Output Hold Time (without start condition) 





SBO3 output after last bit 











SC3FDC1 flag SC3FDCO flag data output hold time 

0 0 Fixed to "1"(High) output 
1 0 Fixed to "0"(Low) output 
0 1 Hold last data 














Reserved 
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Mm Transmission Timing 








at master at slave 
Tmax=2.5T, T | TO. _ Tmax=2T © 
Clock 
(SBT3 pin) 
Output data 
(SBO3 pin) 


Transfer bit counter 





SC3BSY 







(Write data to TXBUF3) 


Interrupt 
(SC3IRQ) 


Figure:13.3.6 Transmission Timing (Falling edge, Start condition is enabled) 


at master at slave 
Tmax=3.5T T Tmax=2T 
—_—--= : <<? 
Clock 
(SBT3 pin) 
Output data 
(SBO3 pin) 


Transfer bit counter 





SC3BSY 





(Write data to TXBUF3) 


Interrupt 
(SC3IRQ) 





Figure:13.3.7 Transmission Timing (Falling edge, Start condition is disabled) 
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at master at slave 
Tmax=2.5TT 2 T Tmax=2T 
Clock 
(SBT3 pin) 
Output data 
(SBO3 pin) 


Transfer bit counter 


SC3BSY 





(Write data to TXBUF3) “ 


Interrupt 
(SC3IRQ) 





Figure:13.3.8 Transmission Timing (Rising edge, Start condition is enabled) 


at master at slave 
Tmax=3.5T TT | _Tmax=2T, 
—=—_ ; Ts 
Clock 
(SBT3 pin) 
Output data 
(SBO3 pin) 


Transfer bit counter 


SC3BSY 





(Write data to TXBUF3) % 
Interrupt(SC3IRQ) 





Figure:13.3.9 Transmission Timing (Rising edge, Start condition is disabled) 
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Mm Reception Timing 


Clock 
(SBT3 pin) 


Input data 
(SBI3 pin) 


Transfer bit counter 


SC3BSY 





Interrupt 
(SC3IRQ) 





Figure:13.3.10 Reception Timing (Rising edge, Start condition is enabled) 


at master 
Tmax=3.5T T : ; ; : : ae 
Clock 
(SBT3 pin) 
Input data 
(SBI3 pin) 


Transfer bit counter 








SC3BSY 


(Write data to TXBUF3) # 





Interrupt 
(SC3IRQ) 


Figure:13.3.11 Reception Timing (Rising edge, Start condition is disabled) 
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Clock 
(SBT3 pin) 


Input data 
(SBI3 pin) 


Transfer bit counter 


SC3BSY 





Interrupt 
(SC3IRQ) 





Figure:13.3.12 Reception Timing (Falling edge, Start condition is enabled) 


at master 
Tmax=3.5T T 
Clock : | 
(SBT3 pin) 
Input data 
(SBI3 pin) 


Transfer bit counter 


SC3BSY 





(Write data to TXBUF3) 4 


Interrupt 
(SC3IRQ) 





Figure:13.3.13 Reception Timing (Falling edge, Start condition is disabled) 
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m@ Transmission / Reception 


As data is received at the opposite edge of the transmission clock, set the polarity of reception data input edge to 
opposite polarity of the transmission data output edge. 


When transmission and reception are executed at the same time, set the start condition to "disable" to prevent 
abnormal operation. 


SBT3 pin 






Data is input at the rising edge of the clock. 


SBI8 pin 


Data is output at the falling edge of the clock. 


Figure:13.3.14 Transmission / Reception Timing (Reception : Rising edge, Transmission : Falling edge) 


SBT3 pin 






Data is input at the rising edge of the clock. 


SBI3 pin 


Data is output at the falling edge of the clock. 


SBO3 pin 


Figure:13.3.15 Transmission / Reception Timing (Reception : Falling edge, Transmission : Rising edge) 
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H Communication in STANDBY mode 


This serial interface is capable of slave reception in STANDBY mode. CPU operation status can be recovered 
from standby to normal by the communication complete interrupt SC3TIRQ that is generated after the slave 
reception. 


(In STANDBY mode, continuous reception is disabled after data of transfer bit count set by SC3LNG2-0 flags of 
the SC3MD0 register is received.) The received data should be read out from the transmission/reception shift reg- 
ister SC3TRB after recovering to NORMAL mode. 


In STANDBY mode, reception with start condition is not available, thus, disable start condition. And set dummy 
data to transmission data buffer TXBUF3 before transition to STANDBY mode. 


NORMAL mode STANDBY mode NORMAL mode 





<—____» 
Oscillation stabilization 
T . . _ ‘wait time 


Clock 
(SBT3 pin) 


Inout pin 
(SBI3 pin) 


Transfer bit counter 








SC3BSY 


’] 


(Write data to TXBUF3) 


Interrupt 
(SC3IRQ) 





Figure:13.3.16 Reception Timing (Rising edge, Start condition is disabled) 
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Table: 13.3.6 shows the pins setup at synchronous serial interface transmission with 3 channels (SBO3 pin, SBI3 


pin, SBT3 pin). 


Table:13.3.6 Synchronous Serial Interface Pins Setup (3 channels, at transmission) 










































































Item Data output pin Data input pin Clock I/O pin 

SBO3 pin SBI3 pin SBT3 pin 
Clock master Clock slave 

Port Pin P33 P31 P32 

Serial data input SBI3 - 

selection SC3MD1(SC3IOM) 

Function Serial data output "1" input Serial clock I/O Serial clock I/O 
SC3MD1(SC3SBOS) |SC3MD1(SC3SBIS) | SC3MD1(SC3SBTS) 

Type Push-pull/N-ch open- | - Push-pull/N-ch open- | Push-pull/N-ch open- 
drain drain drain 
P30DC(P30DC3) P30DC(P30DC2) 

VO Output mode - Output mode Input mode 
P3DIR(P3DIR3) P3DIR(P3DIR2) 

Pull-up added / not added - added / not added added / not added 
P3PLU(P3PLU3) P3PLU(P3PLU2) 








@ Pins Setup (3 channels, at reception) 


Table: 13.3.7 shows the pins setup at synchronous serial interface reception with 3 channels (SBO3 pin, SBI3 pin, 


SBT3 pin). 


Table:13.3.7 Synchronous Serial Interface Pins Setup (3 channels, at reception) 

































































Item Data output pin Data input pin Clock I/O pin 
SBO3 pin SBI3 pin SBT3 pin 
Clock master Clock slave 
Port Pin P33 P31 P32 
Serial data input SBI3 - 
selection SC3MD1(SC3IOM) 
Function Port Serial data input Serial clock I/O Serial clock I/O 
SC3MD1(SC3SBOS) | SC3MD1(SC3SBIS) | SC3MD1(SC3SBTS) 
Type - - Push-pull/N-ch open- | Push-pull/N-ch open- 
drain drain 
P30DC(P30DC2) 
VO - Input mode Output mode Input mode 
P3DIR(P3DIR1) P3DIR(P3DIR2) 
Pull-up - - added / not added added / not added 
P3PLU(P3PLU2) 
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@ Pins Setup (3 channels, at reception / transmission) 


Table: 13.3.8 shows the setup for synchronous serial interface pin with 3 channels (SBO3 pin, SBI3 pin, SBT3 
pin) at transmission / reception. 


Table:13.3.8 Synchronous Serial Interface Pins Setup (3 channels, at transmission / reception) 







































































Item Data output pin Data input pin Clock I/O pin 

SBO3 pin SBI3 pin SBT3 pin 
Clock master Clock slave 

Port Pin P33 P31 P32 

Serial data input SBI3 - 

selection SC3MD1(SC3IOM) 

Function Serial data output Serial data input Serial clock I/O Serial clock I/O 
SC3MD1(SC3SBOS) | SC3MD1(SC3SBIS) | SC3MD1(SC3SBTS) 

Type Push-pull/N-ch open- | - Push-pull/N-ch open- | Push-pull/N-ch open- 
drain drain drain 
P30DC(P30DC3) P30DC(P30DC2) 

VO Output mode Input mode Output mode Input mode 
P3DIR(P3DIR3) P3DIR(P3DIR1) P3DIR(P3DIR2) 

Pull-up added / not added - added / not added added / not added 
P3PLU(P3PLU3) P3PLU(P3PLU2) 
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Table: 13.3.9 shows the pins setup at synchronous serial interface transmission with 2 channels (SBO3pin, SBT3 
pin). The SBI3 pin is not used, so that it can be used as a general port. 


Table:13.3.9 Synchronous Serial Interface Pins Setup (2 channels, at transmission) 










































































Item Data I/O pin Serial unused pin Clock I/O pin 

SBO3 pin SBI3 pin SBT3 pin 
Clock master Clock slave 

Port Pin P33 P31 P32 

Serial data input SB03 : 

selection SC3MD1(SC3IOM) 

Function Serial data output "{" input Serial clock I/O Serial clock I/O 
SC3MD1(SC3SBOS) | SC3MD1(SC3SBIS) | SC3MD1(SC3SBIS) 

Type Push-pull/N-ch open- | - Push-pull/N-ch open- | Push-pull/N-ch open- 
drain drain drain 
P30DC(P30DC3) P30DC(P30DC2) 

VO Output mode - Output mode Input mode 
P3DIR(P3DIR3) P3DIR(P3DIR2) 

Pull-up added / not added - added / not added added / not added 
P3PLU(P3PLU3) P3PLU(P3PLU2) 








™@ Pins Setup (2 channels, at reception) 


Table: 13.3.10 shows the pins setup at synchronous serial interface reception with 2 channels (SBO3 pin, SBT3 
pin). The SBI3 pin is not used, so that it can be used as a general port. 


Table:13.3.10 Synchronous Serial Interface Pins Setup (2 channels, at reception) 




































































Item Data I/O pin Serial unused pin Clock I/O pin 
SBO3 pin SBI3 pin SBT3 pin 
Clock master Clock slave 
Port Pin P33 P31 P32 
Serial data input SB03 - 
selection SC3MD1(SC3IOM) 
Function Port Serial input Serial clock I/O Serial clock I/O 
SC3MD1(SC3SBOS) | SC3MD1(SC3SBIS) | SC3MD1(SC3SBIS) 
Type 7 - Push-pull/N-ch open- | Push-pull/N-ch open- 
drain drain 
P30DC(P30DC2) 
VO Input mode - Output mode Input mode 
P3DIR(P3DIR3) P3DIR(P3DIR2) 
Pull-up - - added / not added added / not added 
P3PLU(P3PLU2) 
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13.3.2 Setup Example 
TTT 
™@ Transmission / Reception Setup Example 


The setup example for clock synchronous serial communication with serial 3 is shown. Table:13.3.11 shows the 
conditions at transmission/reception. 


Table:13.3.11 Conditions for Synchronous Serial Interface at transmission / reception 















































Item set to 

Serial data input pin SBI3 (3 channels) 
Transfer bit count 8 bits 

Start condition Disabled 

First transfer bit MSB 

Input edge Falling 

Output edge Rising 

Clock Clock master 
Clock source fs/2 

SBT3/SB03 pin type N-ch open-drain 
SBT3 pull-up resistor Added 

SBO3 pull-up resistor Added 

Serial interface 3 communication end Enabled 
interrupt 





An example setup procedure, with a description of each step is shown below. 








Setup Procedure Description 
(1) Select prescaler operation. (1) Set the SC3PSCE flag of the SC3MD3 register to "1" to 
SC3MD3 (0x03FA2) select prescaler operation. 


bp3 :SC3PSCE =1 


(2) Select the clock source. (2) Set the SC3PSC2-0 flag of the SC3MD3 register to 
SC3MD3 (0x03FA2) "100" to select fs/2 for clock source. 
bp2-0 :SC3PSC2-0 =100 


(3) Control of pin type. (3) Set the PSODC2, P30DC3 flags of the P3ODC register 
P30DC (0x03F3B) to "1, 1" to select N-ch open drain for the SBO3/SBT3 
bp2 :P3ODC2 =1 pin type. Set the P3O0DC2, P30DC3 flags of the 
bp3 :P3ODC3 =1 P3PLU register to "1, 1" to add pull-up resistor. 


P3PLU (0x03F43) 
bp2 :P3PLU2 =1 
bp3 :P3PLU3 =1 
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Setup Procedure 


Description 





(4) Control of pin direction. 
P3DIR (0x03F33) 
bp2 :P3DIR2 =1 
bp1 :P3DIR1 =0 
bp3 :P3DIR3 =1 


(5) Set the SC3MDO0 register. 
Select the transfer bit count. 
SC3MDO (0x03FA0) 
bp2-0 :SC3LNG2-0 =111 
Select the start condition. 
SC3MDO0O (0x03FA0) 
bp3 :SC3STE =0 
Select the first bit to be transferred. 
SC3MDO0O (0x03FA0) 
bp4 :SC3DIR =0 
Select the transfer edge. 
SC3MDO (0x03FA0) 
bp6 :SC3CE1 =1 


(6) Set the SC3CTR register. 
SC3CTR (0x03FA6) 
bp2 :SC3CMD =0 


(7) Set the SC3MD1 register. 
Select the transfer clock. 
SC3MD1 (0x03FA1) 
bp2 :SC3MST =1 
Control of pin function. 
SC3MD1 (0x03FA1) 
bp4 :SC3SBOS =1 
bp5 :SC3SBIS =1 
bp6 :SC3SBTS =1 
bp7 :SC3IOM =0 


(8) Set the interrupt level. 
SC3ICR (0x03FF3) 
bp7-6 :SC3LV1-0 =10 


(9) Enable the interrupt. 
SC3ICR (0x03FF3) 
bp1 :SC3IE =1 
bp0O :SC3IR =0 


(10) Start serial transmission. 


Reception data > Input to SBI3 pin 





Transmission data — TXBUF3 (0x03FA5) 





(4) Set the P3DIR2, P3DIR3 flags of the Port 3 pin control 
direction register (P3DIR) to "1, 1" to set P32, P33 to 
output mode, to set P31 to input mode. 


(5) Set the SC3LNG2-0 flag of the serial 3 mode register 
(SC3MDO) to "111" to set the transfer bit count as 8 
bits. 


Set the SC3STE flag of the SC3MD0 register to "0" to 
disable start condition. 


Set the SC3DIR flag of the SC3MDO register to "0" to 
set MSB as the first transfer bit. 


Set the SC3CE1 flag of the SC3MD0 register to "1" to 
set the transmission data output edge to "rising", and 
the received data input edge to "falling". 


(6) Set the SC3CMD flag of the SC3CTR register to "0" to 
select serial data tansmission. 


(7) Set the SC3MST flag of the SC3MD1 register to "1" to 
select clock master (internal clock). 


Set the SC3SBOS, SC3SBIS, SC3SBTS flags of the 
SC3MD1 register to "1" to set the SBO3 pin to serial 
data output, the SBI3 pin to serial data input, and the 
SBT3 pin to serial clock I/O. Set the SC3IOM flag to "0" 
to set "serial data input from the SBI3 pin". 


(8) Set the interrupt level by the SC3LV1-0 flag of the serial 
3 interrupt control register (SC3ICR). 


(9) Set the SCSIE flag of the SC3ICR register to “1” to 
enable the interrupt. If the interrupt request flag (SC3IR 
of the SCS3ICR register) is already set, clear SC3IR 
before enabling interrupt. 


(10) Set the transmission data to the serial transmission 
data buffer TXBUF3. The internal clock is generated to 
start transmission/reception. After communication , the 
serial 3 interrupt SC3IRQ is generated. 

[Chapter 3. 3-1-4 Setup] 








Note : Procedures (1) to (2),(5), (6) and (7) can be set at the same time. 


Note : Procedures (8) and (9) can be set at the same time. 
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For communication with 3 channels, set the SC3BIS of the SC3MD1 register to "0" to set the 
serial input to "1". The SBI3 pin can be used as a general port. For reception only, set the 
SC3SBOS of the SC3MD1 register to "0" to select port. The SBO3 pin can be used as a gen- 
eral port. 


= 








For communication with 2 channels, set the SBO3 pin to serial data I/O. The port direction 
control register P3DIR switches the I/O. For reception, set the SC3SBIS of the SC3MD1 reg- 
ister to "1" to select serial input. The SBO3 pin can be used as a general port. 


= 








This serial interface contains a force reset function. If the communication should be stopped 
by force, set SC3SBOS and SC3SBIS of the SC3MD1 register to "0". 


= 








Each flag should be set as this setup procedure in order. Activation of communication should 
be operated after all control registers (refer to Table:13.2.1 except TXBUFS3) are set. 


= 








Transfer rate of transfer clock set by the SC3MD3 register should not exceed 5.0 MHz. 


= 





Operation 


mM Reception Setup Example 


The setup example for clock synchronous serial communication with serial 3 is shown. Table:13.3.12 shows the 


conditions at reception. 


Table:13.3.12 Conditions for Synchronous Serial Interface at reception 





Item 


set to 





Serial data input pin 


SBI3 (3 channels) 























Transfer bit count 8 bits 

Start condition Disabled 
First transfer bit MSB 

Input edge Falling 
Output edge Rising 
Clock Clock slave 
Clock source fs/2 





SBT3/SB03 pin type 


N-ch open-drain 














plete interrupt 


SBT3 pin pull-up resistor Added 
SBO03 pin pull-up resistor Added 
Serial interface 3 communication com- Enabled 











An example setup procedure, with a description of each step is shown below. 
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Setup Procedure 


Description 





(1) Select prescaler operation. 
SC3MD3 (0x03FA2) 
bp3 :SC3PSCE =1 


(2) Select the clock source. 
SC3MD3 (0x03FA2) 
bp2-0 :SC3PSC2-0 =100 


(3) Control the pin type. 
P30DC (0x03F3B) 
bp2 :P3ODC2 =1 
P3PLU (0x03F43) 
bp2 :P3PLU2 =1 


(4) Control of pin direction. 
P3DIR (0x03F33) 
bp2 :P3DIR2 =1 
bp1 :P3DIR1 =0 





select prescaler operation. 


"100" to select fs/2 as the clock source. 


up resistor. 


to output mode, to set P31 to input mode. 





(1) Set the SC3PSCE flag of the SC3MD3 register to "1" to 


(2) Set the SC3PSC2-0 flag of the SC3MD3 register to 


(3) Set the P3ODC2 flags of the P3ODC register to "1" to 
select N-ch open drain for the SBT3 pin type. Set the 
P3PLU2 flags of the P3PLU register to "1" to add pull- 


(4) Set the P3DIR2 flags of the Port 3 pin control direction 
register (P3DIR) to "1" and set P3DIR1 to "0" to set P32 
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Setup Procedure 


Description 





(5) Set the SC3MDO0 register. 
Select the transfer bit count. 
SC3MDO0O (0x03FA0) 
bp2-0 :SC3LNG2-0 =111 
Select the start condition. 
SC3MDO (0x03FA0) 
bp3 :SC3STE =0 
Select the first transfer bit. 
SC3MDO (0x03FA0) 
bp4 :SC3DIR =0 
Select the transfer edge. 
SC3MDO0O (0x03FA0) 
bp6 :SC3CE1 =1 


(6) Set the SC3CTR register. 
SC3CTR (0x03FA6) 
bp2 :SC3CMD =0 


(7) Set the SC3MD1 register. 
Select the transfer clock. 
SC3MD1 (0x03FA1) 
bp2 :SC3MST =0 
Control the pin function. 
SC3MD1 (0x03FA1) 
bp4 :SC3SBOS =0 
bp5 :SC3SBIS =1 
bp6 :SC3SBTS =1 
bp7 :SC3IOM =0 


(8) Set the interrupt level. 
SC3ICR (0x03FF3) 
bp7-6 :SC3LV1-0 =10 


(9) Enable the interrupt. 
SC3ICR (0x03FF3) 
bp1 :SC3IE =1 
bpO :SC3IR =0 


(10) Start serial reception. 
dummy data > TXBUFS3 (0x03FA5) 
Reception data — Input to SBI3 pin 
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(5) Set the SC3LNG2-0 flag of the serial 3 mode register 


(SC3MDO0) to "111" to set the transfer bit count as 8 
bits. 


Set the SC3STE flag of the SC3MD0 register to "0" to 
disable start condition. 


Set the SC3DIR flag of the SC3MDO register to "0" to 
set MSB as the first transfer bit. 


Set the SC3CE1 flag of the SC3MD0 register to "1" to 
set the transmission data output edge to "rising", and 
the reception data input edge to "falling". 


(6) Set the SC3CMD flag of the SC3CTR register to "0" to 
select serial data tansmission. 


(7) Set the SC3MST flag of the SC3MD1 register to "0" to 
select clock slave (external clock). 


Set the SC3SBIS, SC3SBTS flags of the SC3MD1 
register to "1" to set the SBI3 pin to serial data input, 
the SBT3 pin to serial clock I/O. Set the SC3BOS flag 
to "0" to set the SBO3 pin to the port. Set the SC3IOM 
flag to "0" to set "serial data input from the SBI3 pin". 


(8) Set the interrupt level by the SC3LV1-0 flag of the serial 
3 interrupt control register (SC3ICR). 


(9) Set the SC3IE flag of the SC3ICR register to “1” to 
enable the interrupt . If the interrupt request flag 
(SC3IR of the SC3ICR register) is already set, clear 
SC3IR before enabling interrupt. 


(10) Set the dummy data to the serial transmission data 
buffer TXBUF3. Wait 3.5 or more transfer clock after 
the dummy data setting, and execute the clock input. 
Then the reception starts. After the reception 
completes, the serial 3 interrupt SC3IRQ is generated. 
[Chapter 3. 3-1-4 Setup] 





Note : Procedures (1) to (2),(5), (6) and (7) can be set at the same time. 


Note : Procedures (8) and (9) can be set at the same time. 


* At the reception with the start condition input, set the SC3STE flag to "1" and the start condition to "enable" in 


step (5). In step (10), execute the start condition input instead of dummy data setting. After the start condition 
input, 0.5 or more transfer clock is required before the clock input. 
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For communication with 3 channels, set the SC3BIS of the SC3MD1 register to "0" to set the 
serial input to "1". The SBI3 pin can be used as a general port. For reception only, set the 
SC3SBOS of the SC3MD1 register to "0" to select port. The SBO3 pin can be used as a gen- 
eral port. 


= 








For communication with 2 channels, set the SBO3 pin to serial data I/O. The port direction 
control register P3DIR switches the I/O. For reception, set the SC3SBIS of the SC3MD1 reg- 
ister to "1" to select serial input. The SBO3 pin can be used as a general port. 


= 








This serial interface contains a force reset function. If the communication should be stopped 
by force, set SC3SBOS and SC3SBIS of the SC3MD1 register to "0". 


= 








Each flag should be set as this setup procedure in order. Activation of communication should 
be operated after all control registers (refer to Table:13.2.1 except TXBUFS3) are set. 


= 








Transfer rate of transfer clock set by the SC3MD3 register should not exceed 5.0 MHz. 


= 
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™@ Transmission / Reception Setup Example (reception in STANDBY mode) 


The setup example for clock synchronous serial communication with serial 3 is shown. Table:13.3.13 shows the 


conditions at reception in STANDBY mode. 


Table:13.3.13 Conditions for Synchronous Serial Interface at transmission / reception (reception in 












































STANDBY mode) 
Item set to 
Serial data input pin SBI3 (3 channels) 
Transfer bit count 8 bit 
Start condition Disabled 
First transfer bit MSB 
Input edge Falling 
Clock Clock slave 
Operation mode STOP mode 
Clock source fs/2 
SBT3/SB03 pin type Push-pull 
SBT3 pin pull-up resistor Not added 
SBI3 pin pull-up resistor Not added 
Serial interface 3 communication com- | Enabled 
plete interrupt 











An example setup procedure, with a description of each step is shown below. 





Setup Procedure 


Description 





(1) Select prescaler operation. 
SC3MD3 (0x03FA2) 
bp3 :SC3PSCE =1 


(2) Select the clock source. 
SC3MD3 (0x03FA2) 
bp2-0 :SC3PSC2-0 =100 


(3) Control the pin type. 
P30DC (0x03F3B) 
bp2 :P30DC2 =0 
P3PLU(0x03F43) 
bp2 :P3PLU2 =0 


(4) Control the pin direction. 
P3DIR (0x03F33) 
bp2 :P3DIR2 =1 
bp1 :P3DIR1 =0 
bp3 :P3DIR3 =0 








(1) Set the SC3PSCE flag of the SC3MD3 register to "1" to 
select prescaler operation. 


(2) Set the SC3PSC2-0 flag of the SC3MD3 register to 
"100" to select fs/2 as the clock source. 


(3) Set the P80DC2, P3ODC3 flags of the P3ODC register 
to "0, 0" to select push-pull for the SBO3/SBT3 pin 
type. Set the P8PLU2, P3PLU3 flags of the P3PLU 
register to "0, 0" not to add pull-up resistor. 


(4) Set the P3DIR2, P3DIR3 flags of the Port 3 pin control 
direction register (P3DIR) to "1, 0" to set P32 to output 
mode, P33, P31 to input mode. 
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Setup Procedure 


Description 








(5) Select the transfer bit count. 
SC3MD0 (0x03FA0) 
bp2-0 :SC3LNG2-0 =111 


(6) Select the start condition. 
SC3MDO0 (0x03FA0) 
bp3 :SC3STE =0 


(7) Select the first transfer bit. 
SC3MDO (0x03FA0) 
bp4 :SC3DIR =0 


(8) Select the transfer edge. 
SC3MD0 (0x03FA0) 
bp6 :SC3CE1 =1 


(9) Select the communication type. 
SC3CTR (0x03FA6) 
bp0 :SC3CMD =0 


(10) Select the transfer clock. 
SC3MD1 (0x03FA1) 
bp2 :SC3MST =0 


(11) Control the pin function. 
SC3MD1(0x03FA1) 
bp4 :SC3SBOS =0 
bp5 :SC3SBIS =1 
bp6 :SC3SBTS =1 
bp7 :SC3IOM =0 


(12) Set the interrupt level 
SC3ICR (0x03FF3) 
bp7-6 :SC3LV1-0 =10 


(13) Enable the interrupt. 
SC3ICR (0x03FF3) 
bp1 :SC3IE =1 
bp0 :SC3IR =0 


(14) Set the activation factor for serial 
communication. 
Dummy data > TXBUF3 (0x03FA5) 


(15) Transition to STOP mode. 
CPUM (0x03F00) 
bp3:STOP =1 


(16) Start serial reception. 
Transfer clock — Input to SBT3 pin 
Reception data > Input to SBI3 pin 





(5) Set the SC3LNG2-0 flags of the serial 3 mode register 
(SC3MDO0) to "111" to set the transfer bit count as 8 bits 


(6) Set the SC3STE flag of the SC3MD0 register to "0" to 
disable start condition. 


(7) Set the SC3DIR flag of the SC3MD0 register to "0" to set 
MSB as the first transfer bit. 


(8) Set the SC3CE1 flag of the SC3MD0 register to "1" to 
set the reception data input edge to "falling". 


(9) Set the SC3CMD flag of the SC3CTR register to "0" to 
select synchronous serial interface. 


(10) Set the SC3MST flag of the SC3MD1 register to "0" to 
select clock slave (external clock). 


(11) Set the SC3SBOS flags of the SC3MD1 register to “O”, 
SC3SBIS, SC3SBTS flags to "1" to set the SBO3 pin 
to general port, the SBI3 pin to serial data input, and 
the SBT3 pin to serial clock I/O. Set the SC3IOM flag to 
"0" to set "serial data input from the SBI3 pin". 


(12) Set the interrupt level (to level 2) by the SC3LV1-0 flags 
of the serial 3 interrupt control register (SC3ICR). 


(13) Set the SC3IE flag of the SC3ICR register to “1” to 
enable the interrupt. If the interrupt request flag (SC3IR 
of the SC3ICR register) is already set, clear SC3IR 
before the interrupt is enabled. 

[ Chapter 3 3.1.4. Interrupt Flag Setup ] 


(14) Set dummy data to the serial transmission data buffer 
TXBUFS. 


(15) Set the STOP flag of the CPUM register to "1" for 
transition to STOP mode. 


(16) Set the transfer clock to SBT3 pin and transfer data to 
SBI3 pin. 
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Setup Procedure 


Description 





(17) Return from STANDBY mode 








(17) Serial 3 interrupt SC3IRQ is generated at the same 


time of reception of the 8" bits data, and then CPU 
returns from STOP mode to NORMAL mode after 
oscillation stabilization wait time. 





Note : Procedures (5) to (8),(10) to (11), (12) to (13) can be set at the same time. 





be operated after all control registers (refer toTable:13.2.1, except TXBUF3) are set. 


< Each flag should be set as this setup procedure in order. Activation of communication should 
= 
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13.3.3 Single Master IIC Serial Interface 
OOOO "| 


Serial interface 3 is capable of IIC serial communication in single master. Communication of this IIC interface is 
based on the IIC-BUS data transfer format of Phillips. Table:13.3.14 shows the functions of IIC serial interface. 


Table:13.3.14 IIC Serial Interface Functions 
































Communication type Single master IIC 
Interrupt SC3IRQ 
Pins SDA3,SCL3 
Transfer bit count specification 1 to 8 bit 
First transfer bit specification O 
ACK bit selection O 
ACK bit level selection O 
Clock source fosc/2 
fosc/4 
fosc/8 
fosc/32 
fs/2 
fs/4 
timer 2 output 
timer 3 output 
The transfer rate is the clock source divided by 8. 











H Activation factor for Communication 


Set data (at transmission) or dummy data (at reception) to the transmission/reception shift register TXBUF3. Start 
condition and transfer clock are generated to start communication, regardless of transmission/reception. This 
serial interface can not be used for slave communication. 


@ Start Condition Setup 


In IC communication, enable start condition by the SC3STE flag of the SC3MD0 register at the first communica- 
tion after reset release. From the second communication, the SC3STE flag of the SC3MD0 register can select if 
start condition is enabled or not. 


If start condition is detected during data communication in which the start condition is enabled, the SC3STC flag 
of the SC3CTR register is set to "1", and the communication end interrupt SC3IRQ is generated to end the trans- 
mission. This means that the communication is not executed properly and needs to be re-executed. Clear the 
SC3STC flag by program. When data line (SDA3 pin) is changed from "H" to "L" while clock line (the SCL3 pin) 
is "H", start condition is generated. 
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M@ Generation of Stop Condition 


Stop condition is generated as the SDA3 line is changed from "L" to "H", while the SCL3 line is "H". Stop condi- 
tion can be generated by setting the IIC3STPC flag of the SC3CTR register to "0" by program. 


When the stop condition is generated, IC3STPC flag is cleared automatically. 


Start condition Stop condition 


SDA RG mura ae : 
(Serial data) : ! 
SCL i at nT /Acueecnniiaatte 
(Serial clock) \ ! 


Figure:13.3.17 Start Condition and Stop Condition 


@ Input Edge/Output Edge Setup 


In IIC communication, data is always received at the falling edge of the clock. Even if the SC3CE1 flag is set to 
"0", the received data is stored in the falling edge of the clock. 


@ Data I/O Pin Setup 


The SDA3 pin (used as SBO3 pin, too) is used to input/output data. Set the SC3IOM flag of the SC3MD1 register 
to "1" to input serial data from the SBO3 pin. As the SBI3 pin is not used at that time, it can be used as a general 
port. But always set the SC3SBIS flag of the above register to "1" to set "input serial data”. 


To detect start condition, set the SC3SBIS flag of the SC3MD1 register to "input serial data", 
regardless of transmission/reception. 
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@ Reception of Confirming (ACK) Bit after Data Transmission 


The IC3ACKS flag of the SC3CTR register selects if ACK bit is enabled or not. If ACK bit is enabled, ACK bit 
is received from the slave station after data (1 to 8 bits) is transferred. At reception of ACK bit, the SDA3 line is 
automatically released. To receive ACK bit, 1 clock is output to store ACK bit to the IIC3ACKO of the SC3CTR 
register. The transmission/reception shift register SC3TRB is not operated by the ACK bit reception clock. When 
the received ACK bit level is "L", the reception is normal at slave and the next data can be received. If the level is 
"H", the reception maybe completed at slave, so set the IIC3STPC flag of the SC3CTR register to "0" to end com- 


munication. 


~<— Data transmission ~~» 


period 


Bus release period 
1 T 3, Tmax=1.2T 
| 


1 

! 

ACK bit reception clock 
es JoW WwW 





Figure:13.3.18 ACK Bit Reception Timing after Transmission of 8-Bit Data 


™ Transmission of Confirming (ACK Bit) of Data Reception 


Selection of enable/disable of ACK bit is the same as the transmission. When ACK bit is enabled, ACK bit and 
clock are output after data (1 to 8 bits) is received. When the reception is continued, ACK bit outputs "L". And 
when the reception is finished, it outputs "H". The IIC3ACKO of the SC3CTR register sets the output ACK bit 


level. 


Interrupt 


Data reception 


erio : 
(Bus release period) 


1 To. Tmax=1.2T 
ee 


aos ACK/i 
ANACK 


ACK bit transfer clock 
Yo Wo We 





Figure:13.3.19 ACK Bit Transmission Timing after Reception of 8-Bit Data 
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Transfer Format 


There are two transfer format used on IIC bus are : the addressing format that transmits/receives data after 1 byte 
data (address data) that consists of slave address (7 bits) and R/W bit (1 bit) is transferred after start condition, and 
the free data format that transmits data right after the start condition. The serial interface of this LSI supports 2 
communication formats for only master transmission and master reception in IIC communication. Sequence of 
communication is shown below. The shaded part shows the data transferred from slave. 

































































Start Stop 
aénaition Slave address |R/W|ACK]| Data |ACK condition 
Start no | Stop 
condition Slave address | R/W JACK) Datla | 40K! condition 
Start Stop 

condition Data ACK condition 




















Figure:13.3.20 Communication Sequence on Each Transfer Format 


[Figure:13.3.21 Master Transmission Timing, Figure:13.3.22 Master Reception Timing] 
M Clock Setup 


The transfer clock for IIC communication is obtained by dividing clock source by 8 inside this serial. The clock 
source is selected from the dedicated prescaler, timer 2 or 3 output by the SC3MD3 register. The clock source 
should be set in such a way that the transfer rate is under 100 kHz in NORMAL mode, 400 kHz in high speed 
mode with the SC3MD3 register. The dedicated prescaler starts as this register selects "prescaler Count Enable”. 
Set the SC3MST flag of the SC3MD1 register to "1" to select the internal clock (clock master). This IIC interface 
can not be used with external clock (clock slave). 


Table:13.3.15 IIC Serial Interface Clock Sources 





Single master IIC 





Clcok source fosc/2 
(internal clock) 





fosc/4 





fosc/8 





fosc/32 





fs/2 





fs/4 





timer 2 output 














timer 3 output 
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source should be set in such a way that the transfer rate is under 100 kHz in NORMAL mode, 


< The transfer rate in IIC communication is obtained by dividing clock source by 8. The clock 
® 400 kHz in high speed mode with the SC3MD3 register. 








< Set the SC3MST flag of the SC3MD1 register to "1" to select internal clock (clock master). 








Set the SC3SBIS and SC3SBOS flags of the SC3MD1 register to "0" before change the 
\ clock setup. 





™@ Transmission/Reception Mode Setup and Operation 


The IIC3REX flag of the SC3CTR register selects the status of the transmission or the reception. The first data is 
always added start condition for communication regardless of the setting value of the SC3STE. The start condi- 
tion is output from this serial (master). 


The start condition is not added over the second communication, select the start condition "none" at the first set- 
ting. And the start condition is added over the second communication, select the start condition "enable" at the 
first setting. 


At addressing format, slave address and R/W bit are set to the first data after start condition for transmission. At 
master reception, switch to the reception mode at the interrupt transaction after the transmission of the first 1 byte 
data is finished, after the ACK signal from slave is confirmed. If the communication should be continued to other 
device without stop, transmit slave address and R/W bit again after start condition is generated again. At recep- 
tion, the SDA line is automatically released to wait for reception. After the storage of data is finished, confirma- 
tion of the reception (ACK bit) is output. 


[ Figure:13.3.21 Master Transmission Timing, Figure:13.3.22 Master Reception Timing] 
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m \IIC BUSY Flag Operation 


When data is set to the transmission buffer TXBUF3, IIC3BSY flag of the SC3CTR register is set to “1” . When 
ACK transmission/reception (with ACK enabled communication) or the final bit communication (with ACK dis- 
abled communication) completes, the IC3BSY flag is cleared to “0”. Also, when the stop condition generation 
flag (IC3STPC) is set to “1”, IC3BSY is set to “1” and cleared to “O” when stop condition is completed. 


If start condition is detected during communication, the communication end interrupt SC3IRQ is generated and 
the IIC3BSY flag is automatically cleared. 


The following items are the same as clock synchronous serial. 
@ First Transfer Bit Setup 

Refer to : XIII-13 

M@ Transmission Data Buffer 

Refer to : XIII-13 

m Reception Data Buffer 

Refer to : XIII-13 

@ Transfer Bit Count and First Transfer Bit 
Refer to : XIII-15 

H Continuous Communication 

Refer to : XIII-15 

m@ Forced Reset 

Refer to : XIII-17 





In communication, set Nch-open drain for pin type, as the hardware switches if bus is used/ 
| released. In reception, set the SDA3 pin (the SBOS pin) direction to "output". 
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@ Master Transmission Timing 


(1) see, Hee rn ee |) ee () 








+>: < Sdis 4 + > * _ B bits transmission ig gg 
; transmission ; 
SDA 
SCL 
Interrupt 
IIC3BSY 


: : } | : ‘ | | A 


Write data to TXBUF3 Write data to TXBUF3 IIC3STPC flag set 


Figure:13.3.21 Master Transmission Timing 


(1) Output start condition. 
(2) Bus released period, ACK bit is received. 
(3) Interrupt 
Set data to TXBUF3 
(4) Receive ACK bit. 
(5) Interrupt 
Communication ends : clear the IIC3BSY flag. 


(6) Generates stop condition. 
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M@ Master Reception Timing 


(1) 8 8. .4 . 8 , 6 


<> <— 8bhits —> <> <>< Sbiits transmission —»!<—»'<« >_> 
transmission 
SDA 
SCL 
Interrupt 
IIC3BSY 





Write data to TXBUF3 Write data to TXBUF3 IIC3STPC flag set 
[Set dummy data] 


Figure:13.3.22 Master Reception Timing 


(1) Output start condition. 

(2) Bus released period, ACK bit is received. 

(3) Interrupt 
Set to reception mode : IIC3REX = 0 > 1 
Set data to TXBUF3 

(4) Receive ACK bit. 

(5) Interrupt 

Communication ends : clear the IC3BSY flag. 


(6) Generates stop condition. 
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Table: 13.3.16 shows the pins setup in IIC serial interface transmission with 2 channels (SDA3 pin, SCL3 pin). 


Table:13.3.16 Pin Setup (2 channels, at transmission) 
























































Item Data I/O pin Clock output pin 
SDA3 pin SCL3 pin 

Pin P33 P32 

SDA3/SCL3 pins SBI3/SBO3 pin connection - 
SC3MD1(SC3IOM) 

Function Serial data output Serial clock output 
SC3MD1(SC3SBOS) SC3MD1(SC3SBTS) 
Serial data input - 
SC3MD1(SC3SBIS) 

Type N-ch open-drain N-ch open-drain 
P30DC(P30DC3) P30DC(P30DC2) 

/O Output mode Output mode 
P3DIR(P3DIR3) P3DIR(P3DIR2) 

Pull-up Added Added 
P3PLU(P3PLU3) P3PLU(P3PLU2) 








™ Pin Setup (2 channels, at reception) 


Table: 13.3.17 shows the pins setup in IIC serial interface reception with 2 channels (SDA3 pin, SCL3 pin). 


Table:13.3.17 Pin Setup (2 channels, at reception) 
























































Item Data I/O pin Clock output pin 
SDA3 pin SCL3 pin 

Pin P33 P32 

SDA3/SCL3 pins SBI3/SBO3 pin connection - 
SC3MD1(SC3IOM) 

Function Port Serial clock output 
SC3MD1(SC3SBOS) SC3MD1(SC3SBTS) 
Serial data input - 
SC3MD1(SC3SBIS) 

Type N-ch open-drain N-ch open-drain 
P30DC(P30DC3) P30DC(P30DC2) 

/O Output mode Output mode 
P3DIR(P3DIR3) P3DIR(P3DIR2) 

Pull-up Added Added 
P3PLU(P3PLU3) P3PLU(P3PLU2) 
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13.3.4 Setup Example 
OOS | 


@ Master Transmission Setup Example 


The setup example for the transmission of several bytes data to the all the devices on IIC bus with IIC serial Inter- 


face 3 is shown. Table:13.3.18 shows the conditions at communication. 


Table:13.3.18 Conditions Single Master IIC Communication Setup 





Item 


Set to 





SBI3/SBO3 pins 


Connection (2 channels) 





Transfer bit count 


8 bits 





Start condition 


Enable (disable after second 
communication) 





First transfer bit 


MSB 





ACK bit 


Enable 





IIC communication mode 


NORMAL mode 





Clock source 


fosc/32 





SCL3/SDA3 pin type 


N-ch open-drain 





SCL3 pin pull-up resistance 


Added 








SDAS3 pin pull-up resistance 





Added 








An example setup procedure, with a description of each step is shown below. 





Setup Procedure 


Description 





(1) Select prescaler operation. 
SC3MD3 (0x03FA2) 
bp3: SC3PSCE =1 


(2) Select the clock source. 
SC3MD3 (0x03FA2) 
bp2-0: SC3PSC2-0 =011 


(3) Control the pin type. 
P30DC (0x03F3B) 
bp2: P30DC2 =1 
bp3: P30DC3 =1 


(4) Control the pin direction. 
P3DIR (0x03F33) 
bp2: P3ODC2 =1 
bp3: P30DC3 =1 





(1) Set the SC3PSCE flag of the SC3MD3 register to "1" to 
select prescaler operation. 


(2) SC3PSC2-0 flags of the SC3MD3 register to "011" to 
select fs/32 as the clock source. 


(3) Set the P3ODC2,P30DC3 flag of the P3ODC register to 
"1, 1" to select N-ch open drain for the SDA3/SCL3 pin 
type. 


(4) Set the P8DIR2, P3DIR3 flag of P3 pin control direction 
register (P3DIR) to "1, 1" to set P32, P33 to output 
mode. 








XIll - 46 Operation 





Chapter 13 


Serial Interface 3 





Setup Procedure 


Description 








(5) Set ACK bit. 
SC3CTR (0x03FA6) 
bp0 :SC3ACKO =x 
bp1 :IIC3ACKS =1 


(6) Select the communication mode. 
SC3CTR (0x03FA6) 
bp4 :IIC3TMD =0 


(7) Select the communication type. 
SC3CTR (0x03FA6) 
bp2 :SC3CMD =1 


(8) <Transmission setup> 
Select the transmission/reception 
SC3CTR(0x03FA6) 
bp3 :IIC3REX =0 


(9) Initialize the monitor flag. 
SC3CTR (0x03FA6) 
bp6 :IIC3STC =0 


(10) Set the SC3MDO register. 
Select the transfer bit count. 
SC3MDO0 (0x03FA0) 
bp2-0 :SC3LNG2-0 =111 
Select the start condition. 
SC3MDO0 (0x03FA0) 
bp3 :SC3STE =1 
Select the first transfer bit. 
SC3MDO0 (0x03FA0) 
bp4 :SC3DIR =0 


Select the IIC communication edge. 


SC3MD0(0x03FA0) 
bp6 :SC3CE1 =1 


(11) Set the SC3MD1 register. 
Select the transfer clock. 
SC3MD1 (0x03FA1) 
bp2 :SC3MST =1 
Control the pin function. 
SC3MD1 (0x03FA1) 
bp4 :SC3SBOS =1 
bp5 :SC3SBIS =1 
bp6 :SC3SBTS =1 
bp7 :SC3IOM =1 


(12) Set the interrupt level. 
SC3ICR (0x03FF3) 
bp7-6 :SC3LV1-0 =10 





(5) Set the IIC3ACKS flag of the serial 3 control register 


(SC3CTR) to "1" to select “enable ACK bit". ACK bit is 
received at transmission that setup of the ACK bit level 
with the IIC3ACKS flag is not necessary. 


(6) Set the IIC3TMD flag of the serial 3 control register 


(SC3CTR) to "0" to select NORMAL mode. 


(7) Set the SC3CMD flag of the serial 3 control register 


(SC3CTR) to "1" to select IIC. 


(8) Set the IIC3REX flag of the serial 3 control register 


(SC3CTR) to "0" to select the transmission mode. 


(9) Set the IIC3STC flag of the serial 3 control register 


(SC3CTR) to "0, 0" to initialize the start condition 
detection flag. 


(10) Set the SC3LNG2-0 flag of the serial 3 mode register 


(SC3MD0) to "111" to set the transfer bit count as 8 
bits. 


Set the SC3STE flag of the SC3MD0 register to "0" to 
disenable start condition(Start condition is not added 
after the second communication.). 

Set the SC3DIR flag of the SC3MDO register to "0" "to 
set MSB as the first transfer bit. 


In IIC communication, set always the SC3CE1 flag of 
the SC3MD0 register to "1". 


(11) Set the SC3MST flag of the SC3MD1 register to "1" to 


select clock master (internal clock). In IIC 
communication, do not select external clock. 


Set the SC3SBOS, SC3SBIS, SC3SBTS flags of the 
SC3MD1 register to "1" to set the SDA3 pin (the SBO3 
pin) to serial data output, the SBI3 pin to serial data 
input, and the SCL3 pin (the SBT3 pin) to serial clock I/ 
O. Set the SC3IOM flag to "1" to set "serial data input 
from the SDA3 pin (the SBO3 pin)". 


(12) Set the interrupt level by the SC3LV1-0 flag of the serial 


3 interrupt control register (SC3ICR). 
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Setup Procedure 


Description 





(13) Enable the interrupt. 
SC3ICR (0x03FF3) 
bp1 :SC3IE =1 


(14) <Start transmission.> 
Start serial transmission. 
Confirm that SCL3 (P32) is "H". 
Transmission data — TXBUF3 (0x03FA5) 


(15) <Transmission ends.> 
<Setup the next data transmission> 
Judge the monitor flag. 
SC3CTR (0x03FA6) 
bp6 :IIC3STC 


(16) Judge the ACK bit level. 
SC3CTR (0x03FA6) 
bp0 :SC3ACKO 


(17) Set the SC3MDO register. 
Select the transfer bit count. 
SC3MDO0O (0x03FA0) 
bp2-0 :SC3LNG2-0 


(18) <Start next data transmission.> 
Serial transmission starts. [ > (15)] 


(19) <Transmission ends.> 
<lIIC communication end processing> 
Set the IIC3STPC flag 
SC3CTR (0x03FA6) 
bp5 :IIC3STPC =1 








(13) Set the SC3IE flag of the SC3ICR register to “1” to 
enable the interrupt. If the interrupt request flag (SC3IR 
of the SC3ICR register) is already set, clear SC3IR 
before the interrupt is enabled. 

[ Chapter 3 3.1.4 Interrupt Flag Setup ] 


(14) Set the transmission data to the transmission data 
buffer TXBUF3. Then the transfer clock is generated to 
start transmission. If the ACK bit is received after data 
transmission, the communication complete interrupt 
SC3IRQ is generated. 


(15) Confirm the IIC3STC flag of the serial 3 control register 
(SC3CTR). When the previous transmission is 
completed properly, IIC3STC = "0". If IC3STC = "1", 
the communication should be re-executed. 


(16) Confirm the level of the ACK bit, received by the 
SC3ACKO flag of the serial 3 control register 
(SC3CTR). When SC3ACKO = 0, the transmission can 
be continued. When SC3ACKO = 1, the reception at 
slave may not be operated properly, so finish the 
communication. 


(17) To change the transfer count bit, set the transfer count 
bit by the SC3LNG2-0 flag of the serial 3 mode register 
(SC3MD0). 


(18) Set the transmission data to TXBUFS to start the 
transmission. [ > (15)] 


(19) Set the IIC3STPC flag of the serial 3 control register 
(SC3CTR) to "1". Stop condition is automatically 
generated to finish the communication. 





Note : Procedures (1), (2) can be set at the same time. 


Note : Procedures (5) to (9) can be set at the same time. 


Note : Procedures (10), (11)can be set at the same time. 


Note : Procedures (12), (13)can be set at the same time. 





be operated after all control registers (refer toTable:13.2.1, except TXBUFS3) are set. 


< Each flag should be set as this setup procedure in order. Activation of communication should 
a 
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14.1 Overview 





This LSI contains a serial interface 4, which is compatible with IIC serial interface (slave) communication. 


14.1.1 Functions 





Table:14.1.1 shows the serial interface 4 functions. 


Table:14.1.1 Serial Interface 4 Functions 























Communication style lIC (slave) 

Interrupt SC4IRQ 

Pins SDA,SCL 

Addressing 7 bits/10 bits 

General call O 

Maximum transfer rate 400 kHz (High speed mode) 














Serial interface 4 is only available in NORMAL mode. It is not available in other modes 
| (SLOW, HALTO, HALT1, STOP1). 
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14.1.2 Block Diagram 


M Serial Interface 4 Block Diagram 
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Figure:14.1.1 Serial Interface 4 Block Diagram 
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14.1.3 Control Registers 


Table: 14.1.2 shows the registers that control serial interface 4. 
Table:14.1.2 Serial Interface 4 Control Registers List 


Register Address Function 

SC4AD0 0x03FA7’ Serial interface 4 addressing register 0 
SC4AD1 0x03FA8’ Serial interface 4 addressing register 1 
SC4TXB Ox03FAA’ Serial interface 4 transmission data buffer 
SC4RXB Ox03FAQ’ Serial interface 4 reception data buffer 
SC4STR 0x03FAB Serial interface 4 status register 

















SCSEL 0x03F90’ Serial interface I/O pin switching control register 
P10DC 0x03F1B’ Port 1 N-ch open drain control register 
P7ODC 0x03F1D’ Port 7 N-ch open drain control register 











P1DIR 0x03F31’ Port 1 direction control register 





P1PLUD 0x03F41’ Port 1 pull-up resistor control register 





P1OUT 0x03F 11’ Port 1 output control register 
P7DIR 0x03F37’ Port 7 direction control register 








P7PLUD 0x03F47’ Port 7 pull-up resistor control register 
P7OUT 0x03F17’ Port 7 output control register 




















SC4ICR 0x03FF5’ Serial interface 4 interrupt control register 


R/W: Readable / Writable 
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14.1.4 Data Buffer Register 
TT 


Serial interface 4 has one each of 8-bit serial data buffer register for transmission and for reception. 


@ Serial Interface 4 Reception Data Buffer (SC4RXB: 0x03FAQ9) 


bp 7 6 5 4 3 2 1 0 
Flag I2CRXB7 | I2CRXB6 | I2CRXB5 | I2CRXB4 | I2CRXB3 | I2ZCRXB2 | I2CRXB1 | I2CRXBO 
At reset Xx Xx Xx Xx Xx Xx Xx Xx 

















Access 

















Description 


I2CRXB7 
I2CRXB6 
I2CRXB5 
I2CRXB4 
I2CRXB3 
I2CRXB2 
I2CRXB1 
I2CRXBO 


Serial interface 4 reception data buffer 











HM Serial Interface 4 Transmission Data Buffer (SC4TXB: 0x03FAA) 


bp 7 6 5 4 3 2 1 0 
Flag I2CTXB7 | I2CTXB6 | I2ZCTXB5 | I2CTXB4 | I2CTXB3 | I2CTXB2 | I2CTXB1 | I2CTXBO 
At reset 0 0 0 0 0 0 0 0 











Access 


























Description 


I2CTXB7 
I2CTXB6 
I2CTXB5 
I2CTXB4 
I2CTXB3 
I2CTXB2 
I2CTXB1 
I2CTXBO 


Serial interface 4 transmission data buffer 
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14.1.5 Mode Register 
ea See] 


™@ Serial Interface 4 Addressing Register (SC4AD0: 0x03FA7) 


bp 7 6 5 4 3 2 1 0 
Flag I2CAD7 | I2CAD6 | I2CAD5 | I2CAD4 | I2CAD3 | l2CAD2 | l2CAD1 | 12CADO 


At reset 0 0 0 0 0 0 0 0 
































Access R/W R/W R/W R/W R/W R/W R/W R/W 


bp Flag Description 


I2CAD7 
I2CAD6 
I2CAD5 
I2CAD4 
I2CAD3 
I2CAD2 
I2CAD1 
I2CADO 


Serial interface 4 addressing register 











@ Serial Interface 4 Addressing Register 1 (SC4AD1: 0x03FA8) 


bp 7 6 3 2 1 0 
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Flag 


SELI2C 


I2CMON 


I2CGEM | I2CADM I2CAD9 


I2CAD8 





At reset 


0 


0 0 0 0 


0 





Access 





SELI2C 




















Description 


Reset control 
0:Reset 
1:Operational status 








I2CMON 


Monitor mode selection 
0:Communication mode 
1:Monitor mode 








I2CGEM 


Communication mode selection 
0:Normal communication mode 
1:General call communication mode 





I2CADM 


Address mode selection 
0:7 bits address mode 
1:10 bits address mode 





Overview 


I2CAD9 
I2CAD8 





Address setup 








™ Serial Interface 4 Status Register 1 (SC4STR: 0x03FAB) 


bp 


6 3 2 


1 
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Flag 


I2CINT I2CBSY | SLVBSY 


ACKVALI 





At reset 





Access 




















Description 


Data transfer direction determination flag 
0:Slave—Master 
1:Master—>Slave 











I2CINT 


Interrupt detection flag 
0:Undetected 
1:Detected 





Start condition detection 
0:Undetected 
1:Detected 





Re-start condition detection 
0:Undetected 
1:Detected 





I2CBSY 


Bus busy flag 
0:Bus free status 
1:Bus busy status 





SLVBSY 


Slave busy flag 
0:Other than during data transfer 
1:During data transfer 





ACKVALID 


ACK detection flag 
0:Undetected 
1:Detected 
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@ Serial Interface Input/Output Pin Switching Control Register (SCSEL: 0x03F90) 


bp 


7 


6 5 4 





Flag 


TMPSC12 


TMPSC11 


TMPSC02 | TMPSCO1 





At reset 


1 


0 0 0 





Access 





TMPSC12 
TMPSC11 




















Description 


Serial interface 1 used timer2 output dividing switching 
X0:Timer 2 output 

01:Timer 2 output/2 

11:Timer 2 output/8 





TMPSC02 
TMPSCO01 


Serial interfaceO used timer2 output dividing switching 


X0:Timer 2 output 
01:Timer 2 output/2 
11:Timer 2 output/8 





Serial interface 4 I/O pin switching 
0:P10, P11 
1:P76, P77 








Serial interface 1 I/O pin switching 
0:P15 to P17 
1:PA4 to PA6 
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Serial interface 0 I/O pin switching 
0:PAO0 to PA2 
1:P75 to P77 
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14.2 Operation 





H Activation and Termination Factors 


Set the SELI2C flag of the SC4AD1 register to "1" to activate this serial interface. For the termination, set the flag 
to "0". The ports used for communication can be used as general ports while the serial interface is not in operative 
state. When the SELI2C register is set to "0", SC4AD0 register, SC4TXB register and SC4RXB register is auto- 
matically cleared. 


M Slave Address Setup 


This serial interface can select either 7 bits or 10 bits slave address. To select 7 bits slave address, set the I2CADM 
flag of the SC4AD1 register to "0" to select 7 bits address mode, and set the slave address to upper 7 bits of the 
I2CAD0 register (I2ZCAD7 to IZ2CAD1). To select 10 bits slave address, set the IACADM flag of the SC4AD1 reg- 
ister to "1" to select 10 bits address mode, and set the upper 2 bits of the slave address to lower 2 bits of the 
I2CAD1 register I2CAD9, IZCAD8) and set the lower 8 bits of the slave address to I2CADO register. When 10 
bits address mode is selected, this serial interface circuit is capable of data reception only. 


HM General Call Communication 


This serial interface is compatible with general call communication mode. Set the I2CGEM flag of the SC4AD1 
register to "1" to select general call communication mode. In this mode, slave address set in the SC4AD0 and 
SC4AD1 registers are invalid. 


m@ Data Transmission/Reception 


This serial interface enables automatic address determination after detection of start condition on IIC bus. Serial 
interface 4 interrupt (SC4IRQ) is generated only when address transmitted from master matches the set slave 
address. Data transmission/reception are controlled with the WRS flag of the SC4STR register, and slave trans- 
mission is selected when the WRS flag is set to "0", slave reception is selected when the WRS flag is set to "1". In 
slave transmission, setting the transmission data to SC4TXB register opens the bus line and data transmission is 
started by the clock transmitted from master. In slave reception, setting the dummy data to SC4RXB register 
opens the bus line and data reception is started by the clock transmitted from master. 


M Start/Re-Start Condition Detection 


When data (SDA) pin changes from "H" to "L" while clock (SCL) pin is "H", start condition is detected and the 
STRT flag of the SC4STR register is set to "1". The STRT flag is cleared to "0" after communication data is set 
when the interrupt routine right after the slave address reception sets the communication data. If start condition is 
detected again during data transfer, the RSTRT flag is set. This flag is cleared to "0" after communication data is 
set when the interrupt routine right after the slave address reception sets the communication data. If address trans- 
mitted from master does not match the slave address, these flags are automatically cleared at the timing when 
address miscompare is detected. 


M@ Busy Flag 


This serial interface contains 2 busy flags (SLVBSY, I2CBSY). The SLVBSY flag is set to "1" when address 
transmitted from master matches the slave address. The I2CBSY flag is set to "1" during communication on ITC 
bus. In 10 bits address mode, if the upper 2 bits address which is first to be transmitted from master matches the 
I2CAD9-8 of the SC4AD1 register, the SLVBSY flag is set to "1" but SC4IRQ is not generated. If the lower 8 bits 
address which is next to be transmitted from master matches the I2CAD7-0 of the SC4AD0 register, the SLVBSY 
flag is remained "1" and SC4IRQ is generated. If these address mismatch, the SLVBSY flag is cleared to "0" and 
SC4IRQ is not generated. 
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M@ Bus Line Monitor 


General call communication can be monitored with the bus line OFF (serial interface 4 is not activated). For mon- 
itoring, while the SELI2C flag is set to "1", set the I2CGEM flag of the SC4AD1 register to "1" and set the 
I2CMON flag to “1”. Though serial 4 interrupt (SC4IRQ) is generated at this time, it does not output signal to the 
data and clock that it has no effect on the communication. 


@ Pin Setup 


Table: 14.2.1 shows pin setup (SDA, SCL pins) for IIC serial interface 4 data transmission. N-ch open drain setup 
is always necessary for using this serial interface. Use the pull-up resistor control register (PnPLU) of each port 


for pull-up resistor setup. Input/output of the transfer data is automatically switched. 


Table:14.2.1 Pin Setup 
































Item Data I/O pin Clock output pin 
SDA pin SCL pin 

Port Pin P10 P11 
P76 P77 

Function Serial data I/O Serial clock I/O 

N-ch open-drain setup regis- | P1ODC 

ter P7ODC 

Pull-up resistor control regis- | P1PLUD 

ter P7PLUD 








identifying reception data or by changing the slave address. Including general call communi- 


< This serial interface does not features the function that resets the serial interface circuit by 
* cation mode, reception data identification should be done by software. 
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14.2.1. Setup Example of the Slave IIC Serial Interface 
EEE 


M@ Setup Example of the Data Transmission 


The setup example for slave transmission with serial 4 is shown. Table:14.2.2 shows the conditions at transmis- 
sion. 


Table:14.2.2 Conditions for Slave IIC Communication 



































Item set to 

Data pin (SDA) P10 

Clock pin (SCI) P11 

Addressing mode 7 bits 

Slave address 0110011 

Transmission data x’55’ 

Setup Procedure Description 

(1) Control the pin type. (1) Set the P1ODCO0, P1ODC1 flags of the P1ODC register 
P10DC (x’3F1B’) to “1” to select N-ch open-drain for P10 and P11. 
bp1-0 :P10DC1-0 =11 Set the P1PLUDO, P1PLUD1 flag of the P1PLUD 
P1PLUD (x’3F 41’) register to “1” to add pull-up resistor. 


bp1-0 :P1PLUD1-0 =11 


(2) Control the pin direction. (2) Set the P1DIRO, P1DIR1 flags of the port 1pin direction 
P1DIR (x’3F31’) control register (P1DIR) to “1” to set P10 and P11 to 
bp1-0 :P1DIR1-0 =11 output mode. 

(3) Select communication pin. (3) Set the SC4SL flag of the SCSEL register to “O” to select 
SCSEL (X’3F90) P10 and P11 for communication pins. 
bp3 :SC4SL =0 

(4) Select communication mode, address mode. | (4) Set the I2CGEM flag to “O” to select normal 
SC4AD1 (x’3FA8) communication mode, and set I2CADM flag to “0” to 
bp3 :I2CGEM =0 select 7 bits address mode. 
bp2 :I2CADM =0 

(5) Activate serial interface 4. (5) Set the SELI2C flag of the SC4AD1 register to “1” to 
SC4AD1 (x’3FA8) activate the serial interface. 
bp7 :SELI2C =1 

(6) Set the slave address. (6) Set the slave address to the upper 7 bits of the SC4AD1 
SC4ADO (x’3FA7) register (I2CAD7-1). 


bp7-0 :Il2CAD7-1 =0110011 


(7) Start IIC communication. (7) Master on the IIC bus starts communication. 
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Setup Procedure 


Description 








(8) Confirm data transmission/reception. 


SC4STR (x’3FAB’) 
bp7 :WRS =0 


(9) Set transmission data. 
SC4TXB (x’3FAA) 
bp7-0 :SI2CTXB7-0 =x’55’ 





(8) When the address transmitted from the master matches 
the slave address set in the SC4AD1 register, serial 
interface 4 interrupt (SC4IRQ) is generated. In the 
interrupt routine, when the WRS flag of the SC4MDO 
register is “O”, this communication is recognized as 
slave transmission. 


(9) Set the transmission data to the SC4TXB register. 





Operation 





Chapter 15 A/D Converter 





Chapter 15 
A/D Converter 


XV - 


2 


15.1 Overview 





This LSI contains an A/D converter with 10 bits resolutions. It contains a built-in sample hold circuit. The chan- 
nels 0 to 6 (ANO to AN6) of analog input can be switched by software. When A/D converter is stopped, the 
power consumption can be reduced by turning the built-in ladder resistance OFF. A/D conversion is activated by 
a register setup. 


15.1.1. Functions 
SSS | 


Table:15.1.1 shows the A/D converter functions. 


Table:15.1.1 A/D Converter Functions 























A/D Input Pins 7 pins 

Pins AN6 to ANO 

Interrupt ADIRQ 

Resolution 10 bits 

Conversion Time (Min.) 24.5 us(Tap= as 800 ns) 

Input range Vgg to Vrery 

Power Consumption Built-in Ladder Resistance 
(ON/OFF) 

















D conversion start flag is enabled and the instant when the actual analog signal is sampled. 


< The conversion time shown in the above table does not include between the instant when A/ 
= The actual time is the conversion time plus 1 Tap. 
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15.1.2 Block Diagram 
—————— ee 


m@ A/D Converter Block Diagram 
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ANCTR1 0 ANCTRO , ANCTR2 IRQ2 (P56) 
ANCHSO : ~ 
ANCHS1 z v 
| ANCHS2 _ -aANLADE| External 
T-ANCKO | ; interrupt control 
ANCK1 Reserved | y 
ANSHO AANSTSEL1}-————»|_ A/D conversion ADIRQ 
F ANSH1 ANST -—> control 
ANBUF1 ANBUFO | 
ANBUF10 i 
3 ANBUFT1 
ANBUF12 
ANBUF13 
WaEFs ANBUF14 
ANBUF15 - 
ANBUF16 | | ANBUFO6 
ANBUF17 |_ | ANBUFO7 
7 7 
’ 2 \2 A/D conversion 
os Y_ data upper 8 bits 
AN1 = ——»| - 
ANZ PH] aay Sample and 10 bits A/D 
ang ——»| MU hold comparator 
ol A A/D conversion 
AN5 —> . 
data lower 2 bits 
AN6 —> 
Vss 
fs/2 
fs/4 4 42 + 
fs/8 MUX a 
fx*2 [7s ] MUX 
1/18/-° 
1/18 

















Figure:15.1.1 A/D Converter Block Diagram 
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15.2 Control Registers 


A/D converter consists of the register (ANCTRn) and the data storage buffer (ANBUFn). 


15.2.1 Registers 





Table: 15.2.1 shows the registers used to control A/D converter. 


Table:15.2.1 A/D Converter Control Registers 


Register Address Function 


ANCTRO 0x03FCB A/D converter control register 0 
ANCTRI1 0x03FCC A/D converter control register 1 
ANCTR2 0x03FCD A/D converter control register 2 
ANBUFO 0x03FCE A/D converter data storage buffer 0 














ANBUF 1 Ox03FCF A/D converter data storage buffer 1 





ADICR Ox03FF4 A/D converter interrupt control register 





IRQ2ICR Ox03FE4 External interrupt 2 control register 





EDGDT Ox03F1E Both edges interrupt control register 





PAIMD Ox03F4E Port A input mode register 

















PAPLUD Ox03F4A Port A Pull-up resistor control register 





R/W : Readable/Writable 
R : Readable only 
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15.2.2 Control Registers 





m@ A/D Converter Control RegisterO (ANCTRO:0x03FCB) 


Boo ee Pe TF 
Ree [SH [ANSHO [ANGE ANG [ANCE [= 
0 0 0 0 0 : - : 


Reset 





Access R/W R/W R/W R/W R/W - - - 


Description 


Sample hold time 
00:Tap x2 

01 ‘Tap x6 
10:Tap x18 

11 ‘Tap x18 





A/D conversion clock (ftad=1/T ap) 
00:fs/2 

01:fs/4 

10:fs/8 

11:fx x2 

* as Tap>800 ns 





A/D ladder resistance control 
ANLADE_| 0:A/D ladder resistance OFF 
1:A/D ladder resistance ON 
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@ A/D Converter Control Register1 (ANCTR1:0x03FCC) 


Flag ANSHS2 | ANSHS1_ | ANSHSO 
Reset 0 0 0 








Access 


























bp Flag Description 
7-3 2 C 





Analog input channel 
000:ANO 

001:AN1 
ANSHS2_ | 010:AN2 
ANSHS1_ | 011:AN3 
ANSHSO_ | 100:AN4 
101:AN5 

110:AN6 
111:Reserved 











m@ A/D Converter Control Register2 (ANCTR2:0x03FCD) 


Flag eee Reserved 





Reset 0 





Access 


























A/D conversion status 
ANST 0:Finish, Hold 
1:Start, Converting 





ANSTSEL A/D conversion start factor selection 


0:Set ANST flag to “1” 


d 1:External interrupt 2 





Reserved | Set always to "0" 
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15.2.3 Data Buffers 





m@ A/D Conversion Data Storage BufferO (ANBUFO:0x03FCE) 


The lower 2 bits results from A/D conversion are stored to this register. 


ANBUFO7 | ANBUFO6 





Reset Xx 


sees a CC 


m@ A/D Conversion Data Storage Buffer! (ANBUF1:0x03FCF) 





The upper 8 bits results from A/D conversion are stored to this register. 


Flag ANBUF17 | ANBUF16 | ANBUF15 | ANBUF14 | ANBUF13 | ANBUF12 | ANBUF11 | ANBUF10 
X X 


R R R 





Reset Xx x x x x Xx 














Access R R R R R 
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15.3 Operation 





Description of A/D converter circuit setup procedure is as follows. 
1. Set the analog pins. 


Set the analog input pin (set at the procedure 2) to "special function pin" by the port A input mode register 
(PAIMD). 


* Setup of the port A input mode register should be done before analog voltage is put to pins. 
2. Select the analog input pin. 


Select the analog input pin from AN6 to ANO by the ANCHS2-0 flag of the A/D converter control register! 
(ANCTRI). 


3. Select the A/D converter clock. 


Select the A/D converter clock by the ANCK1, ANCKO flag of the A/D converter control register 0 
(ANCTRO). Converter clock (Tap) should not be less than 800 ns by any oscillator. 


4. Set the sample hold time. 


Set the sample hold time by the ANSH1, ANSHO flag of the A/D converter control register 0 (ANCTRO). The 
sample hold time should be based on analog input impedance. 


* Procedures (2) to (4) can be set in any order. (3) and (4) can be set at the same time. 
5. Set the A/D ladder resistance. 


Set the ANLADE flag of the A/D converter control register 0 (ANCTRO) to "1", and a current flow through 
the ladder resistance and A/D converter goes into the waiting. 


6. Start A/D conversion. 
Set the ANST flag of the A/D converter control register 2 (ANCTR2) to "1" to start A/D converter. 


* Set the REDGO flag of the external interrupt 2 control register (IRQ2ICR) and the EDGSEL flag of the edge 
interrupt control register (EDGDT) to specify the valid edge. 


7. A/D conversion 


After sampling by the sample hold time (set at the procedure 4), A/D conversion is decided in comparison 
with MSB in order. 


8. Complete the A/D conversion. 


When A/D conversion is completed, the ANST flag is cleared to "0", and the result of the conversion is stored 
to the A/D buffer (ANBUFO,1). Then, the A/D complete interrupt request (ADIRQ) is generated. 
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Set the ANLADE flag to "1" and wait 12 conversion clock to start A/D conversion. 








During A/D conversion, when the ANST flag is set to "0" to forcefully stop A/D conversion, 
more than (2 system clock) + (2 conversion clock) time is required to restart A/D conversion. 








When A/D conversion start factor is selected as "start by external interrupt" and ANST flag is 
set to "0" to forcefully stop A/D conversion, set always A/D conversion start factor to "0" 
before clearing the ANST flag to "0". 
































. Tab 1,2 3,4 5 6 14 15 16 
A/D conversion clock a fp | 1 _ 
A/D conversion complete 
ANST flag 
A/D conversion start 
ty t A/D conversion time ' _ 
ts 3 
Samping Hold 
bit 9 comparison bit 8 comparison bit 0 comparison 
k { ¢ >| 
Determine Determine Determine Determine 
bit 9 bit 8 bit 1 bit O 
A/D conversion 
i complete 
A/D interrupt(ADIRQ) 4 5 ia 








Figure:15.3.1 Operation of A/D Conversion 





To read out the value of the A/D conversion, A/D conversion should be done several times to 
prevent noise error by confirming the match of level by program, or by using the average 
value. 








From A/D conversion start to the generation of A/D conversion complete interrupt is the A/D 
conversion period. Re-conversion is not executed if an external interrupt is generated 
between the instant when ANST flag is cleared and the instant when A/D conversion com- 
plete interrupt is generated. However, when ANST flag is set to "1" (Software start up), re- 
conversion is executed. 





Operation XV -9 


Chapter 15 
A/D Converter 


15.3.1 Setup 


@ Input Pins of A/D Converter Setup 
Input pins for A/D converter is selected by the ANCH2-0 flag of the ANCTRI register. 
m@ A/D Converter Clock Setup 


The A/D converter clock is set by the ANCK1 to ANCKO flag of the ANCTRO register. Set the A/D converter 
clock (Tap) more than 800 ns. Table:15.3.1 shows the machine clock (fosc, fx, fs) and the A/D converter clock 


(Tap). (calculated as fs = fosc/2, fx/4) 


Table:15.3.1 A/D Conversion Clock and A/D Conversion Cycle 























ANCK1 | ANCKO | A/D conversion A/D conversion cycle (Tap) 
pce at high speed oscillation at low speed oscillation 
fosc=10 MHz fosc=8.38 MHz fosc=32.768 kHz 
0 0 fs/2 400 ns (no usable) 477.33 ns (no usable) | 244.14 us 
1 fs/4 800 ns 954.65 ns 488.28 us 
1 0 fs/8 1600 ns 1.91 us 976.56 us 
1 fx*2 15.26 us 15.26 us 15.26 us 


























For the system clock (fs), refer to [ Chapter 2 Clock Switching ]. 
m@ A/D Converter Sampling Time (Ts) Setup 


The sampling time of A/D converter is set by the ANSHI to 0 flag of the ANCTRO register. The sampling time of 
A/D converter depends on external circuit, so set the right value by analog input impedance. 


Table:15.3.2 Sampling Time of A/D Conversion and A/D Conversion Time 























ANSH1 | ANSHO | Sampling | A/D conversion time[us] 
time (Ts) 
at high speed at low speed 
at Tap=1600 | at at Tap=1.91 at at 
ns Tap=954.65 | us Tap=15.26 Tap=15.26 
(fs=5 MHz) ns (fs=4.19 jes) us 
(fs=4.19 MHz) (fx=32.768 (fx=32.768 
MHz) kHz) kHz) 
0 0 Tap X 2 24.5 14.82 29.15 229.4 534.15 
1 Tap X 6 30.9 18.64 36.79 290.44 595.19 
1 0 Tap X18 | 50.1 30.09 59.71 473.56 778.31 
1 Tap X18 | 50.1 30.09 59.71 473.56 778.31 
































* Calculated as fs=fosc/2,fx/4. 


XV - 10 Operation 


Chapter 15 
A/D Converter 





sion start flag is enabled and the instant when the actual analog signal is sampled. The 
actual time is the conversion time plus 1 Tap. 

[Calculus] 

Conversion Time = Tg + 13T ap + 2.5/fs 


< The conversion time shown above does not include between the instant when A/D conver- 
i 








A/D conversion time may be extended up to 0.5 system clock when fx*2 is selected as the A/ 
\ D conversion clock. 





@ Built-in Ladder Register Control 


The ANLADE flag of the ANCTRO register is set to "1" to send a current to the ladder resistance for A/D conver- 
sion. When A/D converter is stopped, the ANLADE flag of the ANCTRO register is set to "0" to save the power 
consumption. 


m A/D Conversion Start Factor Selection 


A/D conversion start factor is set by the ANSTSEL]I flag of the ANCTR2 register. By setting the ANSTSELI flag 
of the ANCTR2 register, A/D conversion starts with the “external interrupt 2” factor. Also, A/D conversion starts 
when ANST flag of the ANCTR2 register is set to “1”. 


When the “external interrupt 2” is selected as the A/D conversion start factor, specify the valid edge by the 
REDGO flag of the external interrupt 2 control register TRQ2ICR) or EDGSEL2 flag of the both edges interrupt 
control register (EDGDT). 


Specify the valid interrupt edge before selecting the interrupt factor by the A/D conversion start factor. 





When the “external interrupt 2” is selected as the A/D conversion start factor, specify the valid 
edge by the REDGO flag of the external interrupt 2 control register (IRQ2ICR) or EDGSEL2 


flag of the both edges interrupt control register (EDGDT). 








Specify the valid interrupt edge before selecting the interrupt factor by the A/D conversion 
| start factor. 





m@ A/D Conversion Start Setup 


A/D conversion start is set by the ANST flag of the ANCTR2 register. The ANST flag of the ANCTR2 register is 
set to "1" to start A/D conversion. When selecting “external interrupt 2” as the A/D conversion start factor, set the 
ANST flag of the ANCTR2 register to “1” after the external interrupt 2 is generated. Also, during A/D conver- 
sion, the ANST flag of the ANCTR2 register is set to “1” and cleared to “0” after the converted data is stored. 
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15.3.2 Setup Example 


mM Example of A/D Converter Setup by Registers 


A/D conversion is started by setting registers. The analog input pins are set to ANO, the converter clock is set to 
fs/4, and the sampling hold time is set to Tap x 2. Then, A/D conversion complete interrupt is generated. An 


example setup procedure, with a description of each step is shown below. 





Setup Procedure 


Description 





(1) Set the analog input pin. 
PAIMD(0x03F4E) 
bp0 :PAIMDO =1 
PAPLUD(0x03F4A) 
bpO :PAPLUO =0 


(2) Select the analog input pin. 
ANCTR1(0x03FCC) 
bp2-0 :ANCHS2-0 =000 


(3) Select the A/D converter clock. 
ANCTRO(0x03FCB) 
bp5-4 :ANCK1-0 =01 


(4) Set the sample hold time. 
ANCTRO(0x03FCB) 
bp7-6 :ANSH1-0 =00 


(5) Set the interrupt level. 
ADICR(0x03FF4) 
bp7-6 :ADLV1-0 =00 


(6) Enable the interrupt. 
ADICR(0x03FF4) 
bp1 :ADIE =1 


(7) Set the A/D ladder resistance. 
ANCTRO(0x03FCB) 
bp3 :ANLADE =1 


(8) Start A/D conversion operation. 
ANCTR2(0x03FCD) 
bp7 :ANST =1 


ANBUFO(0x03FCE) 
ANBUF1 (0x03FCF) 





(9) Complete A/D conversion operation. 





(1) Set the analog input pin (set at the procedure 2) as the 
special function pin by the port A input mode register 
(PAIMD). Also, disable pull-up resistor by the port A 
pull-up resistor control register (PAPLUD). 


(2) Select the analog input pin from AN6 to ANO by the 
ANCH2-0 flag of the A/D converter control register1 
(ANCTR1). 


(3) Select the A/D converter clock by the ANCK1, ANCKO 
flag of the A/D converter control registerO (ANCTRO). 


(4) Set the sample hold time by the ANSH1, ANSHO flag of 
the A/D converter control registerO (ANCTRO). 


(5) Set the interrupt level by the ADLV1-0 flag of the A/D 
conversion complete interrupt control register (ADICR). 
If any interrupt request flag is already set, clear the flag. 


(6) Set the ADIE flag the ADICR register to "1" to enable 
the interrupt. 
[Chapter 3 3.1.4 Interrupt Flag Setup] 


(7) Set the ANLADE flag of the A/D converter control 
registerO (ANCTRO) to "1" to send a current to the 
ladder resistance for the A/D conversion. 


(8) Set the ANST flag of the A/D converter control register2 
(ANCTR2) to "1" to start the A/D conversion. 


(9) When A/D conversion is completed, the result is stored 
to the A/D buffer (ANBUFO,1) and the ANST flag of the 
A/D converter control register2 (ANCTR2) is cleared to 
“0”. Then A/D conversion complete interrupt is 
generated. 








* The procedures (3) to (4) can be set at the same time. 
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After A/D conversion is completed, when A/D conversion is re-started with a different setup, 
set the ANLADE of the A/D converter control registerO (ANCTRO) to "0" and confirm the ana- 
log stop before changing the setup. 

Operations of other procedures are not guaranteed. 
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15.3.3 Cautions 





A/D conversion can be damaged by noise easily. Therefore, anti-noise measures should be taken adequately. 


H Anti-noise measures 


For A/D input ( analog input pin), add capacitor near the Vss pins of micro controller. 
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Set near the Vss pin 


Figure:15.3.2 A/D Converter Recommended Example 1 
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Set near the Vss pin 


Figure:15.3.3 A/D Converter Recommended Example 2 
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For high precision of A/D conversion, the following cautions on A/D converter should be kept. 
1.The input impedance R of A/D input pin should be under 500 kQ, and the external capacitor 
C (more than 1000 pF, under 1 uF) should be connected to it. 

2.The A/D conversion frequency should be set in regard to R, C. 

3.At the A/D conversion, if the input level of microcontroller is changed, or the peripheral 
added circuit is switched to ON/OFF, the A/D conversion could work wrongly, as the analog 
input pins and power pins cannot be fixed. At the setup checking, confirm the wave form of 
analog input pins. 





Equivalent circuit block that ; 
outputs analog signal microcontroller 


\\N\y ° | A/D input pin 











Wf 1 [/T 


' Vss 


Figure:15.3.4 Recommended Circuit 
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16.1 Functions 


This LSI contains an internal LCD driver circuit with 12 segment pins and 4 common pins. The LCD driver con- 
tains of a segment output latch, LCD control registers, a prescaler, a timing control circuit, a multiplexer, segment 
drivers, common drivers and voltage divider resistors. 


16.1.1. Functions 
ee 


Table:16.1.1 shows the functions of the LCD driver circuits. 


Table:16.1.1 LCD Functions 

















LCD 
Duty Static 

1/2 duty 

1/3 duty 

1/4 duty 
Segment Output Pins SEGO to SEG11 
Common Output Pins COMO to COM3 
LCD Power Supply Vici to Vic3 





LCD Voltage Divider Resistor Vici input voltage can be divided into 2/3, 1/3. 
Selectable from high resistance or low 
resistance. 





Clock Source (LCDCLk) fosc/2"! 


fosc/2'2 
fosc/2'8 
fosc/2'4 
fosc/2'® 
fosc/2'6 
fosc/2'” 
fosc/2'8 
fx/26 
fx/2’ 
fx/28 
fx/29 








fosc: Machine clock (High speed oscillation) 
fx: Machine clock (Low speed oscillation) 
LCDCLK: LCD clock source (selected with LCDCKO to LCDCK3) 
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< Use the LCD panel driver voltage Vi cp as Vicp £ Vpp £ 3.6 v 
a 





16.1.2 LCD Operation in Standby Mode 





Certain LCD driver operation could be limited in standby mode. 


Table: 16.1.2 shows the LCD operation capabilities in standby mode. 


Table:16.1.2 LCD Operation in Standby Mode 
































CPU Mode LCD Clock 
fosc fx 
Operation Mode NORMAL O O 
SLOW ¥ O 
Standby Mode HALTO D D 
HALT1 ¥ D 
STOP ¥ ¥ 








O: LCD Operation is available. 
D: Holding Display is available. 
¥: LCD Operation is not available. 











For transition to CPU mode in which LCD operation is not available, turn the LCD off and 
switch segment output to port in advance. 








tion register (XSEL) to "1". 


< For transition to the mode with low speed oscillation, set the bpO of the XI dual function selec- 
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16.1.3. Maximum Pixels 
OSS 


Table: 16.1.3 shows the maximum pixels. 


Table:16.1.3 Maximum Pixels 














Duty eet Sea as Common Pins Segment Output Latch bits 
Static 12 (12 ¥ 1) 1 figures COMO bitO, bit4 

1/2 24 (12 ¥ 2) 3 figures COMO to COM1 =| bitO to bit1, bit4 to bit 

1/3 36 (12 ¥ 3) 4 figures COMO to COM2 | bitO to bit2, bit4 to bité 

1/4 48 (12 ¥ 4) 6 figures COMO to COM3 | bitO to bit3, bit4 to bit7 























16.1.4 Switching I/O ports and LCD segment pins 
NS EEE LT | 


Switching of general port and LCD segment pin is controlled by the LCD output control register 1, 2 (LCCTR1, 
LCCTR2). 


[Chapter 16 16.2 Control Registers] 
Port 7, 1 (SEGO to SEG11) are switchable to I/O port in 1-bit unit. 
Port 3 (COMO to COMS3) is switchable to I/O port in 1-bit unit. 


16.1.5 Switching I/O Ports and LCD Voltage] 
eee "|| 


Switching of general ports, P34 to P36 and LCD voltage, Vj.¢3 to Vy} are controlled by the LCD control 
register3 (LCDMD3). 

[16.2 Control Registers] 

Only when the LCD functions are unused, general ports, P34 to P36 are available. When general ports, P34 to 
P36 are used, set the VLC3SL to VLCISL flags of the LCD control register 3 (LCCTR3) to “0” and select P34 to 
P36. 
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16.1.6 Block Diagram 
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Figure:16.1.1 LCD Driver Circuit Block Diagram 
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16.2 Control Registers 


The LCD is controlled by LCD mode control register 1 (LCDMD1), LCD mode control register 2 (LCDMD2), 
LCD output control register | (LCCTR1), LCD output control register 2 (LCCTR2), and LCD output control reg- 
ister 3 (LCCTR3). The LCD display data is stored in the segment output latch. 


16.2.1 Registers 
EEE 
Table: 16.2.1 shows the LCD control registers. 

Table:16.2.1 LCD Control Registers List 


Register Address Function 


LCDMD1 X'03FCO' LCD mode control register 1 





LCDMD2 X'03FC1' LCD mode control register 2 





LCCTR1 X'03FC2' LCD output control register 1 





LCCTR2 X'03FC3' LCD output control register 2 
LCCTR3 X'03FC4' LCD output control register 3 

















R/W: Readable/Writable 
* Address x’02E00’ to x’02E05’ are assigned to the segment output latch. 
[Chapter 16.2.7 Segment Output Latch] 
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16.2.2 Mode Control Register 1 (LCDMD1) 





The LCD mode control register 1 (LCDMD1) is a 8-bit register that controls LCD clock, LCD display ON/OFF, 
and display duty. The address is assigned to X’3FCO’ and read/write can be done by the instruction to RAM, I/O. 
The value of the LCDMD1 register is initialized at reset. Table:16.2.2 shows the LCD mode control register 1. 


M@ Mode Control Register 1 (LCDMD1: X'03FCO', R/W) 
Table:16.2.2 LCD Mode Control Register 1 


as | ee ee ee ee ee ee ee ee 


LCDEN Reserved | LCDTY1 |LCDTYO |LCDCK3 |LCDCK2 |LCDCK1 | LCDCKO 





0 0 0 0 0 0 0 0 


LCD driver circuit start flag 
LCDEN 0: Stop 
1: Start 





Reserved | Set always to “O”. 





LCD display duty selection 
00: 1/4 duty 

01: 1/3 duty 

10: 1/2 duty 

11: Static 


LCDTY1 
LCDTYO 





LCD clock source selection 
0000: OSC 1/2"! 

0001: OSC 1/212 

0010: OSC1/2'8 

0011: OSC1/2'4 

nee 0100: oSC1/215 

LCDCK4 0101: OSC1/2"6 
LepcKo | 0110: osc1/2"” 
0111: 0SC1/2'8 
1X00: XI/26 
1X01: XI/2? 
1X10: X1/28 
1X11: xi/29 














For transition to the mode with low speed oscillation, set the bpO of the XI dual function selec- 
\ tion register (XSEL) to "1". 
a 
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16.2.3 Mode Control Register 2 (LCDMD2) 
TT OOO | 


The LCD mode control register 2 (LCDMD2) is a 8-bit register that controls internal voltage dividing resistor 
ON/OFF, and internal voltage dividing resistor type. The address is assigned to X’3FC1’ and read/write can be 
done by the instruction to RAM, I/O. The value of the LCDMD2 register is initialized at reset. Table:16.2.3 
shows the LCD mode control register 1. 


M@ Mode Control Register 2 (LCDMD2: X'03CF1', R/W) 
Table:16.2.3 LCD Mode Control Register 2 


Flag 


Reserved | Reserved 





Reset 


0 0 





Access 


7-6 


























Description 





5-4 


Reserved | Set always to “O”. 


Internal voltage dividing resistor selection 
0: Low resistance (Vic1 to Vice, Vice to Vic3, Vic3 to Vsg, about 10 kW) 
1: High resistance (Vict to Vice: Vice to Vic3 Vics to Vss; about 100 kW) 





Internal voltage dividing circuit connect selection 
0: Unconnected 
1: Connected 

















With the internal voltage dividing resistor, P34 (Vic3), P35 (Vice), P36 (Vic;) can be used as 
ports. However, depending on the panel, if LCD display does not have enough brightness 
due to the lack of connection with a stabilizing capacitor, connect with a stabilizing capacitor 
or use an external voltage dividing resistor. 
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16.2.4 Output Control Register 1 (LCCTR1) 





The LCD output control register 1 (LCCTR1) switches port I/O (P30 to P33) and common output (COMO to 
COM3), port I/O (P74 to P77) and segment output (SEGO to SEG3). The address is assigned to X’3FC2’. At 
reset, these ports are set to the input port. 


M@ Output Control Register 1(LCCTR1:X'3FC2', R/W) 
Table:16.2.4 LCD Output Control Register 1 


as | a ee ee | ee ee eee eee ee 


Flag LC1SL3 | LC1SL2 = |LC1SL1 LC1SLO | COMSL3 | COMSL2 | COMSL1 | COMSLO 





Reset 0 0 0 0 0 0 0 0 


Flag Description 


SEG3/P74 selection 
LC1SL3 0: P74 
1: SEG3 


SEG2/P75 selection 
LC1SL2 0: P75 
1: SEG2 


SEG1/P76 selection 








LC1SL1 





SEGO/P77 selection 
LC1SLO 0: P77 
1: SEGO 


COMS3/P33 selection 
COMSL3 0: P33 
1: COM3 


COM2/P32 selection 
COMSL2 0: P32 
1: COM2 


COM1/P31 selection 
COMSL1 0: P31 
1: COM1 


COMO/P30 selection 
COMSLO 0: P30 
1: COMO 
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16.2.5 Output Control Register 2 (LCCTR2) 





The LCD output control register 2 (LCCTR2) switches port I/O (P73 to P70), port I/O (P14 to P17) and segment 
output (SEG4 to SEG11). The address is assigned to X’3FC3’. At reset, these ports are set to the input port. 


@ Output Control Register 2(LCCTR2:X'3FC3', R/W) 
Table:16.2.5 LCD Output Control Register 2 


as) | Ze Ce A ON |e ee |e 


Flag LC2SL7 | LC2SL6 | LC2SL5 LC2SL4 | LC2SL3 | LC2SL2 | LC2SL1 LC2SLO 





Reset 0 


0 0 0 0 0 0 0 
am 


Flag Description 


SEG11/P14 selection 
LC2SL7 0: P14 
1: SEG11 


SEG10/P15 selection 
LC2SL6 0: P15 
1: SEG10 


SEG9/P16 selection 
LC2SL5 0: P16 
1: SEG9 


SEG8/P17 selection 
LC2SL4 0: P17 
1: SEG8 


SEG7/P70 selection 
LC2SL3 0: P70 
1: SEG7 


SEG6/P71 selection 
LC2SL2 0: P71 
1: SEG6 


SEG5/P72 selection 




















LC2SL1 





SEG4/P73 selection 
LC2SLO 0: P73 
1: SEG4 
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16.2.6 Output Control Register 3 (LCCTR3) 


The LCD output control register 3 (LCCTR3) switches port I/O (P34 to P36) and V, ¢; to Vj.c¢3. The address is 
assigned to X’3FC4’. At reset, these ports are set to the input port. 


M@ Output Control Register 3 (LCCTR3:X'3FC4', R/W) 
Table:16.2.6 LCD Output Control Register 3 


Flag LC3SL2 | LC3SL1 LC3SLO 





Reset 0 0 0 





Access 





























VLC3/P34 selection 
LC3SL2 0: P34 
1: VLC3 


VLC2/P35 selection 
LC3SL1 0: P35 
1: VLC2 


VLC1/P36 selection 
LC3SLO 0: P36 
1: VLC1 




















With the internal voltage dividing resistor, P34 (Vic3), P35 (Vice), P36 (Vi_c;) can be used as 
< ports. However, depending on the panel, if LCD display does not have enough brightness 
= due to the lack of connection with a stabilizing capacitor, connect with the stabilizing capaci- 
tor or use an external voltage dividing resistor. 
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16.2.7 Segment Output Latch 
SSS ee EeeeSeeeeee—eeeaeSSeOeOOO_eeeee ee | 
A 4-bit latch is allocated per segment. Bit0 and bit4 are read out at the timing of COMO, bit! and bit5 are read out 
at the timing of COM1, bit2 and bit6 are read out at the timing of COM2, and bit3and bit7 are read out at the tim- 
ing of COM3. Ifa bit points “1”, the segment pin outputs the “selected voltage”, and if a bit points “O”, the seg- 
ment pin outputs “non-selected voltage”’. 
The assigned address are X’2E00’ to X’2E05’, and data reading/writing can be done as RAM. Segment output 
latch value is indefinite at reset. 
Figure:16.2.1 shows the matching of the segment output latch and the segment/common pins. 
COM3 COM2 COM1 COMO ais COM2 COM1 i 
Address _ bit7 bit6 bits _—bit4 bit3 bit2 bit1 bitO 
X2E00} SEG PTE | | SEG 0/P77 
MEO = aS SEG CP74 | SEG P75 
X'2E02) SEG S/P72 | SEG 4/P73 
X2E03'}| SEG Z/IP7TO | | SEG 6/P7I 
X2E04} SEG OPIG | SEG B/P17 
X2E05'| J SEGTIPI4 |  SEGTO/P 15 
Used at Static Used at Static 
Used at 1/2 duty Used at 1/2 duty 
____Used at 1/3 duty ___Used at 1/3 duty 
Used at 1/4 duty ~ Used at 1/4 duty 
Figure:16.2.1 Matching of the Segment Output Latch and the Segment/Common Pins 
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16.3 Operation 





16.3.1. Operation 





The LCD driver is capable of static display and dynamic display (1/2 duty 1/2 bias, 1/3 duty 1/3 bias, 1/4 duty 1/3 
bias) through the segment output pins (SEGO to SEG11) and the common output pins (COMO to COM3). 


M@ TheLCD driver circuit operation 


The LCD driver circuit generates the timing signals, which are necessary for controlling 1/2 duty, 1/3 duty, 1/4 
duty and static, at the timing control circuit, based on the LCD clock divided by the prescaler, and supplies them 
to the common driver and the multiplexer. 


The common driver outputs the common signals which are necessary for the LCD display, based on the voltage 
from the LCD power supply. When the LCD is OFF, Vss is output and the potential difference between the LCD 
electrodes becomes 0 V. 


The multiplexer selects the segment output latched data in response to the signal from the timing control circuit 
and supplies it to the segment driver. The segment driver converts the content of the segment output latch into the 
signals, which is capable of driving the LCD, based on the voltage supplied to LCD power supply, then outputs 
the segment signal. 

When the LCD is OFF, Vss is output and the potential difference between the LCD electrodes becomes 0 V. 





Therefore, when reset input from external sources is long, there could be some adverse 


< At reset, common pins and segment pins become high impedance. 
" effects such as blinks of the LCD display. 








In STOP mode, supplies from the main clocks is stopped that the LCD drive cannot be oper- 
| ated. Set “0” to the enable flag of the LCD driver circuit before entering STOP mode. 








For transition to the mode with low speed oscillation, set the bpO of the XI dual function selec- 
\ tion register (XSEL) to "1". 
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16.3.2 Power Supply 
SSS | 


The driver power pins are Vj c,, Vpcz and Vj.¢3. This LSI contains the internal voltage dividing resistor to divide 
voltage for LCD drive. There are two ways to supply voltage to the LCD driver; to supply voltage to the Vj_¢1, 
Vic? and V;,.c3 pins from external source (when external voltage dividing resistor is used), to supply voltage to 
Vic) pin from external source and use internal divider resistor. 


The power source for LCD drive and Vpp power supply for the micro controller are separated so that the voltage 
Vpp for LCD panel drive can be used at higher voltage than the Vpp power supply (usable at Vicp £ Vpp £ 3.6 
V). 


The LCD driver voltage supplied through the LCD driver power pins (V; cy, Vic2 and V;.¢3) is converted by the 
LCD clock signal and the timing control signal, and then supplied to the segment driver and the common driver. 


Table:16.3.1 Supplying LCD drive voltage (with 1/3 bias) 














Reference 
: voltage ts 
Supplying voltage supplying Description 
pin 
1 Supply the driving Vici Supply voltage to VLC1, VLC2, VLC3 pins externally. 
voltage directly Vice 
Vics 
2 Use the external dividing | Vici Supply the reference voltage to VLC1 pin externally and 
resistor Vice generate VLC2, VLC3 potentials at the external resistor 
Wees divider, then supply the voltage to each pin. 
3 Use the internal dividing Vici Supply the reference voltage to VLC1 externally and generate 
resistor VLC2, VLC3 potentials by using the internal resistor., 




















HM Supplying voltage with the external voltage driving resistor 
Supply the voltage as shown in Table: 16.3.2. 
Table:16.3.2 LCD Power Supply 




















Static 1/2 1/3 
Vict Vicp + Vss Vicp + Vss Vicp + Vss 
Vice 1/2Vicp + Vss 2/3Vicp + Vss 
Vic3 Vss 1/3Vicp + Vss 




















Vicp: LCD panel driver voltage (Maximum voltage to the LCD panel) 





< Use the LCD panel driver voltage Vicp at Vicp £ Vpp £ 3.6 V. 
a 
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Figure:16.3.1 shows example of the LCD power supply connection. 


(a) Static | (Vpp=VLcp) 























MN101C78 
Vpp 
apegtee ee Vict +—|| C 
Vice 
V 
e Vics ake 
Til 
Nt A ls Vss #—-+ 














~ 
= 
— 
= 


(b) 1/8duty 1/S3bias, 1/4duty 1/3bias (Vpp=VLcp) 











MN101C78 
Vpp -— 
Apr annaat Vici C 
Vice Re 
we Vics ie 
FS Ree eee Vss R 











MIT 


Figure:16.3.1 LCD Power Supply Connection (When using External Voltage Divider Resistors) 
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1.In Figure:16.3.1, current always flows through the voltage dividing resistors. 
The following connection is used to cut the current flowing through these dividing resistors. 


(at Vou1 = Vpp) 









































MN101C78 
Vppb t © VDD input 
pocccceecccee Vict fey 
R iC 
Vic2 
Vicb e 7 hs 
Vics} || 
R C 
Seeeseiedwees Vss 
Ci TT = Tr 
C2 
Vop 
4 s Port 
Vss 











Figure:16.3.2 LCD Power Supply Connection 


2.The LCD power supply Vj to Vicg is supplied as shown in the following Figure:16.3.3. 
Vicp value varies depending on the type of LCD. Refer to the specifications of LCD for the 
appropriate value. 
Vici = Vico + Vss 
Vic2 = 2/3 Vicp + Vss 
Vics = 1/3 Vicp + Vss 
Usually Vpp - Vss are divided by resistors and supplied to the LCD. 
Standard resistance voltage ranges from tens to several hundreds kW. 


In Figure:16.3.3, a bypass capacitor C (0.01 mF to 0.1 mF) is used to lower the impedance 
of power supply. 

















Vpp 
Vic1 Cc 
R 
Vice * 
Vics + 
R 








EGE 


Figure:16.3.3 Supplying Voltage to Vicz to Vic3 
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HM Supplying voltage when using the internal voltage driving circuit 


Supply the voltage as shown in Table: 16.3.3. 




















Table:16.3.3 
Static 1/2 bias 1/3 bias 
Vici Disabled Vicp Vicp 
Vice Connect Vico to Vic3 - 
(1/2 Vicp is output.) (2/3 Vicp is output.) 
Vic3 7 
(1/3 Vicp is output.) 























dropped depending on a used LCD panel and that may lower the brightness of LCD display. 


< When internal voltage dividing resistor is used, voltages of Vic1, Vice and Vic3 could be 
Use the external divider resistor when this happens. 





ports. However, depending on the panel, if LCD display does not have enough brightness 
due to the lack of connection with a stabilizing capacitor, connect with the stabilizing capaci- 
tor or use an external voltage dividing resistor. 


< With the internal voltage dividing resistor, P34 (Vic3), P35 (Vice), P36 (Vic) can be used as 





The internal dividing resistor is formed of connecting between Vc; and Vice, Vice and 
Vics: Vics and Vgs. 


In the selection of the internal dividing resistor type, when low resistor is selected, about 10 
kW resistor is connected between V; co; and Vico, Vice and Vic3, Vic3 and Vsg. When high 


resistor is selected, about 100 kW resistor is connected to each pin. 








At low resistor At high resistor 
selection selection 
MN101C78 MN101C78 
[——} Vict pin D VLc1 pin 
R:about 10 kQ R:about 100 kQ 
J, VLc2 pin =——— VLc2 pin 
Rraboutt0 ka 3 ; R:about 100 kas . 
——— VLC3 pin ———_ VLC3 pin 
R:about 10k = — R:about 100 ko = Veen 




















Figure:16.3.4 Forming of Internal Dividing Resistor and Resistor Value 
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Figure:16.3.5 shows example of the LCD power supply connection. 
Stabilizing capacitor C for LCD power supply is recommended to be C = 0.1 mF. 


Cv § 0.1 mF should be connected as stabilization condenser Cv for Vpp power supply. 


(a)1/2duty 1/2bias (Vpp=VLcp) 





























MN101C78 
Vpp 
aes =<— Vici ° 
R . ! C 
kL— Vic2 ’ nf 
Vicp R C 
—— Vics 
: Vv: 
eon eee u— Vss rid 
TIT 





~ 
= 
= 


(b)1/3duty 1/3bias, 1/4duty 1/8bias (Vop=VLcp) 














MN101C78 
Vpp 
CS ee s— Vici mir 
Vice C | 
Vicp R C 
Vics | 
R= 
ieee u— Vss 











MIT 
TT 


Figure:16.3.5 LCD Power Supply Connection 
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16.3.3 Frame Cycle 


™@ Setup of the LCD frame cycle 


The clock fosc or fx is divided by the prescaler and supplied as the LCD clock. Set the LCD clock by the bit0 to 
bit3 of the LCDMD1 register, and set the LCD frame cycle by the bit4 to bit5 of the LCDMD!1 register. Fig- 
ure: 16.3.6 shows reference input frequencies and the matching of the LCD clock and the LCD frame cycle. 















































































































































































































































































































































Input frequency 
Input cloci duty 10 MHz 8 MHz 4 MHz 2 MHz 32.768 kHz 
LCDCK3 to 0 LCDTY1 to 0 LCDdock | frame LCDolock | frame LCD clock | frame LCDclock | frame | LCDckock | frame 
00 (1/4 duty) 1221 Hz 977 Hz 488 Hz 244 Hz 
0000 01 (1/3 duty) 1628 Hz 1302 Hz 651 Hz 326 Hz 
(OSC1/2") [49 (4/2 duty) 4883 Hz [5444 Hz | 990842 | 953 Hz [1953 H2 [977 Hz | 977 42 [a8 Hz 
11 (static) 4883 Hz 3906 Hz 1953 Hz 977 Hz 
bo (1/4 duty) 610 Hz 488 Hz 244 Hz 122 Hz 
0001 b1 (1/3 duty) 814 Hz 651 Hz 326 Hz 163 Hz 
(osc1/2"2) fo (4/2 duty) 2441 Hz 1554 Hz [1993 HZ | 977 Hz | 977 HZ | agg Hz | 48842 | oa Hz 
H1 (static) 2441 Hz 1953 Hz 977 Hz 488 Hz 
bo (1/4 duty) 305 Hz 244 Hz 122 Hz 61 Hz 
0010 b1 (1/3 duty) 407 Hz 326 Hz 163 Hz 81 Hz 
(0SC1/2'3) {0 (1/2 duty) 1221 HZ Ferg Hz] 977 HZ | agg rz | 48842 | ag Hz | 24442 | 00 Hz 
11 (static) 1221 Hz 977 Hz 488 Hz 244 Hz 
bo (1/4 duty) 153 Hz 422 Hz 61 Hz 31 Hz 
0011 D1 (1/3 duty) 203 Hz 163 Hz 81 Hz 41 Hz 
(OSC1/2"4) 0 (4/2 duty) 810 Hz | ao5 Hz) 48842 Toga 2] 24442 | yoo | 12242 | gr uz 
Ht (static) 610 Hz 488 Hz 244 Hz 122 Hz 
PO (1/4 duty) 76 Hz 61 Hz 31 Hz 15 Hz 
0100 b1 (1/3 duty) 102 Hz 81 Hz 41 Hz 20 Hz 
(08C1/2"5) ho (4/2 duty) 805 H2 Tea Hz) 24442 toon) 12242 | ern] 812 | are 
Ht (static) 305 Hz 244 Hz 122 Hz 61 Hz 
bo (1/4 duty) 38 Hz 31 Hz 15 Hz 8 Hz 
0101 b1 (1/3 duty) 51 Hz 41 Hz 20 Hz 10 Hz 
(OSC1/2"*) 0 (1/2 duty) 193 HZ) Fez] 12242 oraz) SHAT orez| SH2 saz 
11 (static) 153 Hz 122 Hz 61 Hz 31 Hz 
PO (1/4 duty) 19 Hz 15 Hz 8 Hz 4 Hz 
0110 D1 (1/3 duty) 25 Hz 20 Hz 10 Hz 5 Hz 
(osc1/2"7) 10 (172 duty) 76H2 0 saHz| STH2 7 gruz) STH ( asHz| 1427 ene 
[11 (static) 76 Hz 61 Hz 31 Hz 15 Hz 
fo (1/4 duty) 10 Hz 8 Hz 4 Hz 2Hz 
0111 01 (1/3 duty) 13 Hz 10 Hz 5 Hz 3 Hz 
(OSC1/2"*) fo (1/2 duty) SBHe Tanz |) 9) | ee | PF ene SE one 
[11 (static) 38 Hz 31 Hz 15 Hz 8 Hz 
PO (1/4 duty) 128 Hz 
1X00 b1 (1/3 duty) 171 Hz 
(xi/28) HO (1/2 duty) S12 Hz | 556 Hz 
[11 (static) 512 Hz 
DO (1/4 duty) 64 Hz 
1X01 b1 (1/3 duty) 85 Hz 
(x27) HO (1/2 duty) 286 H2 V198 Hz 
[11 (static) 256 Hz 
100 (1/4 duty) 32 Hz 
1X10 lo1 (1/3 duty) 43 Hz 
(xW/28) 10 (1/2 duty) 128 Hz | 6a Hz 
11 (static) 128 Hz 
loo (1/4 dut 16 Hz 
1X11 lo1 (1/3 dut 21 Hz 
(x/2°) 10 (1/2 duty) 64Hz |~a5 He 
11 (static) 64 Hz 









































Figure:16.3.6 Input Frequency and the LCD Clock 
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16.3.4 Setup Example of the LCD Driver Circuit 


M@ Setup example of the internal voltage dividing resistor 


An example of setup procedure to display “23” on a 8 segment type LCD panel in 1/4 duty, 1/3 bias with both seg- 
ment signals (SEGO to SEG3) and common signals (COMO to COM3), using internal voltage divider circuit is 
shown below. 


Refer to XIV-18. Figure:16.3.5 for the LCD power supply connection. Refer to XIV-22. LCD display for con- 
nection of LCD panel. 





Setup Procedure Description 





(1) Select the internal voltage dividing resistor (1) Set the LCRHL flag of the LCD mode control register 2 
LCDMD2 (x'3FC1') (LCDMD2) to “1” to set up the internal voltage dividing 
bp3 : LCRHL = 1 resistor to high resistor. 


(2) Select the internal voltage dividing resistor (2) Set the LCREN flag of the LCD mode control register 2 


connection (LCDMD2) to “1” to connect the internal voltage 
LCDMD2 (x'3FC1') dividing resistor between V, ¢; and Vics, Vice and 
bp2 : LCREN = 1 Vics: Vicg and Vss. 

(3) Set the pins (3) Set COMSL3 to COMSLO flags of the LCD output control 
LCCTR1 (x'3FC2') register 1 (LCCTR1) to “1111” to set up the common 
bp3-0 : COMSL3-0 = 1111 pins 3 to 0. 

LCCTR1 (x'3FC2') Set LC1LS1 to LC1LSO flags of the LCD output control 
bp5-4 : LC1SL1-0 = 11 register 1 (LCCTR1) to “1” to set up the segment pins 3 
to 0. 

(4) Select the LCD clock source (4) Select OSC1/2'8 as the LCD clock source by LCDCK3 
LCDMD1 (x'3FC0’) to LCDCKO flags of the LCD mode control register 1 
bp3-0 : LCDCK3-0 = 0111 (LCDMD1). 

(5) Select the LCD display duty (5) Set LCDTY1 to LCDTY0 flags of the LCD mode control 
LCDMD41 (x'3FCO') register 1 (LCDMD1) to “00” to setup the display duty 


bp5-4 : LCDTY1-0 = 00 


(6) Set the LCD panel display data (6) Set the display data on the address X’2E00’, X’2E01’ of 
x'2E00' = x'5E' the segment output latch. 
x'2E01' = x'7C' [Refer to 16.4 LCD Display] 

(7) Start the LCD drive circuit (7) Set the LCDEN flag of the LCD mode control register 1 
LCDMD41 (x'3FCO') (LCDMD1) to “1” to start the LCD driver circuit. 
bp7 : LCDEN = 1 

















If internal voltage booster circuit is used, voltage of Vic1, Vice and Vic3 could be dropped 
depending on the load of used LCD panel and that may lower the brightness of LCD display. 
In this case, set “O” to the internal voltage dividing resistor selection bit of the LCD mode con- 


trol register 2 (.CDMD2) to select the low resistor. By selecting the low resistor, the current 
supply ability can be larger. 
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Figure: 16.4.1 to Figure: 16.4.4 show example of connections, display and waveforms of the LCD panel in 1/2 


duty, 1/3 duty, 1/4 duty and static. 


16.4.1. Static 





m@ Static 


SegmentLatch 


MN101C78 





bit7/bit3 





bit6/bit2 





bit5/bit1 
































bit4/bitd 
































ISEG6 





ISEGS |SEG4 











ISEG3 |SEG2 |SEG1 






















ISEGO 





























A electrode 
B electrode 
HE Light on 
‘Light OFF LCDPANEL 
LCD ON 
COM=S | COM=S |LCD OFF 
SEG=S_ | SEG=N 
EER eine Uncertain 
Data mt" "oO" Uncertain 
COM 
SEG 
COM-SEG 
Light ON |Light OFF|Light OFF 




















S:selected voltage N:non-selected voltage 


Vicp:LCD driver voltage 


On static COM(COMO0) always outputs selected voltage. 
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COMO Vicb 
SEG4 
(data) 
SEG6 
(data) | (1) ) Vss 
ita ‘command Talal +Vicp 
A electrode ! ! 0 
(COMO-SEG4) ! 
a ( Light OFF) a “Vico 
| | +Vicp 


B electrode 
(COM0-SEG6) 





(Light ON) 


Figure:16.4.1 LCD Display in Static 
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16.4.2 Setup Example (Static) 
_————— | 


M@ Setup example of the LCD (static) 


An example of setup procedure to display “23” on a single-digit, 8 segment type LCD panel with both segment 
signals (SEGO to SEG7) and common signals (COMO), using an external dividing resistor is shown below. 
[Chapter 16.4.1. LCD Display (static)] 

Clock source fosc = 4 MHz, LCD clock source fosc/2!> = 122 Hz, and flame cycle = 122 Hz are selected in this 
example. 








Setup Procedure Description 

(1) Stop the LCD operation (1) Set “O” to the LCDEN flag of the LCD mode control 
LCDMD1 (X'3FCO0') register (LCDMD1) to “1” to stop the LCD operation. 
bp7 :LCDEN = 0 

(2) Set the display duty (2) Set the LCDTY1 to LCDTY0 flags of the LCD mode 
LCDMD1 (X'3FCO0') control register (L.CDMD1) to “11” to enter the static 
bp5-4:LCDDTY1-0= 11 driving mode. 

(3) Select the LCD clock source (3) Select fosc/2'® as a LCD clock source by the LCDCK3 
LCDMD1(X'3FCO0’) to LCDCKO flags of the LCD mode control register 
bp3-0:LCDCK3-0 = 0100 (LCDMD). 

(4) Select the segment output/port pin (4) Select SEGO to SEG3 by the LCD output control register 
Select the common output/port pin 1 (LCCTR1) and SEG4 to SEG7 by the COMO and the 
LCCTR1(X'3FC2') LCD output control register 2 (LCCTR2). 
bp7-0:SC1SL3-0, COMSL3-0 = 11110001 
LCCTR2(X'3FC3') 
bp3-0:SC2SL3-0 = 1111 

(5) Set the LCD panel display data (5) Display “23” on the display panel by the address X’2E00’ 
Segment output latch SEG1-0 to X’2E03’ of the segment output latch SEGO to SEG7. 
(X'2E00') = X'00' [Chapter 16.4.1 Static] 


Segment output latch SEG3-2 
(X'2E01') = X'11' 
Segment output latch SEG5-4 
(X'2E02') = X'10' 
Segment output latch SEG7-6 
(X'2E03') = X'11' 


(6) Start the LCD operation (6) Set the LCDEN flag of the LCD mode control register 
LCDMD1 (X'3FCO0') (LCDMD1) to “1” to start the LCD operation. 
bp7:LCDEN = 1 
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16.4.4 Setup Example (1/2 duty) 
OOOO | 
M@ Setup example of the LCD (1/2 duty) 
An example of setup procedure to display “23” on a 2-digit, 8 segment type LCD panel with both segment signals 
(SEGO to SEG7) and common signals (COMO), using an external dividing resistor is shown below. 
[Chapter 16.4.3. LCD Display (1/2 duty)] 
Clock source fosc = 4 MHz, a LCD clock source fosc/2!5 = 122 Hz, and flame cycle = 61 Hz are selected in this 
example. 

Setup Procedure Description 

(1) Stop the LCD operation (1) Set the LCDEN flag of the LCD mode control register 
LCDMD1 (X'3FCO0') (LCDMD1) to “0” to stop the LCD operation. 
bp7 :LCDEN = 0 

(2) Set the display duty (2) Set the LCDTY1 to LCDTY0 flags of the LCD mode 
LCDMD1 (X'3FC0') control register (LCDMD1) to “10” to enter 1/2 duty 
bp5-4 :LCDDTY1-0= 10 driving mode. 

(3) Select the LCD clock source (3) Select fosc/2'® as a LCD clock source by the LCDCK3 
LCDMD1(X'3FCO’') to LCDCK0 flags of the LCD mode control register 1 
bp3-0 :LCDCK3-0 = 0100 (LCDMD1). 

(4) Select the segment output/port pin (4) Select the SEG3 to SEGO and COM1 to COMO by the 
Select the common output/port pin LCD output control register 1(LCCTR1) and SEG7 to 
LCCTR1(X'3FC2’) SEG4 by the LCD output control register 2 (LCCTR2). 
bp7-0 :SC1SL3-0, COMSL3-0 = 11110011 
LCCTR2(X'3FC3') 
bp3-0 :SC2SL3-0 = 1111 

(5) Set the LCD panel display data (5) Display “23” on the display panel by the address X’2E00’ 
Segment output latch SEG1-0 to X’2E03’ of the segment output latch SEG7 to SEGO. 
(X'2E00') = X'31' [Chapter 16.4.3 1/2 duty] 

Segment output latch SEG3-2 
(X'2E01') = X'22' 
Segment output latch SEG5-4 
(X'2E02') = X'30' 
Segment output latch SEG7-6 
(X'2E03') = X'32' 

(6) Start the LCD operation (6) Set the LCDEN flag of the LCD mode control register1 
LCDMD1 (X'3FD0') (LCDMD1) to “1” to start the LCD operation. 
bp7 :LCDEN = 1 
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16.4.6 Setup Example (1/3 duty) 
——Sa | 
M@ Setup example of the LCD (1/3 duty) 
An example of setup procedure to display “23” on a 2-digit, 8 segment type LCD panel with both segment signals 
(SEGO to SEG7) and common signals (COMO), using an external dividing resistor is shown below. 
[Chapter 16.4.5. LCD Display (1/3 duty)] Clock source fosc = 4 MHz, a LCD clock source fosc/2!> = 122 Hz, and 
flame cycle = 41 Hz are selected in this example. 

Setup Procedure Description 

(1) Stop the LCD operation (1) Set the LCDEN flag of the LCD mode control register1 
LCDMD1 (X'3FC0') (LCDMD1) to “1” to stop the LCD operation. 
bp7 :LCDEN = 0 

(2) iSet the display duty (2) Set the LCDTY1 to LCDTY0 flags of the LCD mode 
LCDMD1 (X'3FCO0') control register 1 (LCMD1) to “01” to enter 1/3 duty 
bp5-4 :LCDDTY1-0= 01 driving mode. 

(3) Select the LCD clock source (3) Select fosc/2'® as a LCD clock source by the LCDCK3 
LCDMD1(X'3FCO0’) to LCDCKO flags of the LCD mode control register 1 
bp3-0 :LCDCK3-0 = 0100 (LCDMD1). 

(4) Select the segment output/port pin (4) Select the SEG3 to SEGO and COM2 to COMO by the 
Select the common output/port pin LCD output control register 1 (LCCTR1) and SEG7 to 
LCCTR1(X'3FC2’) SEG4 by the LCD output control register 2 (LCCTR2). 
bp7-0 :SC1SL3-0, COMSL3-0 = 11110111 
LCCTR1(X'3FC3') 
bp3-0 :LC1SL3-0 = 111 

(5) Set the LCD panel display data (5) Display “23” on the display panel by the address X’2E00’ 
Segment output latch SEG1-0 to X’2E03’ of the segment output latch SEG7 to SEGO. 
(X'2E00') = X'76' [Chapter 16.4.5 1/3 duty] 

Segment output latch SEG3-2 
(X'2E01') = X'40" 
Segment output latch SEG5-4 
(X'2E02') = X'27' 

(6) Start the LCD operation (6) Set the LCDEN flag of the LCD mode control register 1 
LCDMD1 (X'3FCO0') (LCMD1) to “1” to start the LCD operation. 
bp7 :LCDEN = 1 
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M@ Setup example of the LCD (1/4 duty) 


An example of setup procedure to display “23” on a 2-digit, 8 segment type LCD panel with both segment signals 
(SEGO to SEG4)and common signals (COMO to COM3) in 1/4 duty, 1/3 bias, using an external dividing resistor 


is shown below. 


[Chapter 16.4.7 LCD Display (1/4 duty)] 


Clock source fosc = 4 MHz, LCD clock source fosc/2!> = 122 Hz, and flame cycle = 31 Hz are selected in this 


example. 





Setup Procedure 


Description 





(1) Stop the LCD operation 
LCDMD1(X'3FC0') 
bp7 :LCDEN = 0 


(2) Set the display duty 
LCDMD1(X'3FCO') 
bp5-4 :LCDDTY1-0= 00 


(3) Select the LCD clock source 
LCDMD1(X'3FCO') 
bp3-0 :LCDCK3-0 = 0100 


(4) Select the segment output/port pin 
Select the common output/port pin 
LCCTR1(X'3FC2’) 
bp3-0 :COMSL3-0 = 1111 
bp7-4 :LC1SL3-0 = 1111 


(5) Set the LCD panel display data 
Segment output latch SEG1-0 
(X'2E00') = X'5E' 

Segment output latch SEG3-2 
(X'2E01') = X'7C' 


(6) Start the LCD operation 
LCDMD1(X'3FCO') 
bp7:LCDEN = 1 








(1) Set the LCDEN flag of the LCD mode control register 1 
(LCDMD1) to “0” to stop the LCD operation. 


(2) Set the LCDTY1 to LCDTY0 of the LCD mode control 
register 1 (LCDMD1) to “OO” to enter 1/4 duty driving 
mode. 


(3) Select fosc/2'® as the LCD clock source by the LCDKC3 
to LCDCKO flags of the LCD mode control register 1 
(LCMD1). 


(4) Select SEG7 to SEGO and COM3 to COM0 by the 
output control register (LCCTR), (LCCTR2), (LCCTR3), 
(LCCTR4). 


(5) Display “23” on the display panel by the address X’2E00’ 
to X’2E01’ of the segment output latch SEGO to SEG4. 


(6) Set the LCDEN flag of the LCD mode control register 1 
(LCMD1) to “1” to start the LCD operation. 
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17.1 Flash EEPROM 





17.1.1. Overview 





The MN101CF78A is equivalent to MN101C78A except its Mask ROM is substituted with 32 KB of flash 
EEPROM. 


The MN101CF78A is programmed in the following modes; 
-PROM writer mode, which uses a dedicated PROM writer for a microcontroller's stand-alone programming. 


-Onboard programming mode, which the CPU controls programming of a microcontroller on a target board. 


-User program area (32 KB : 0x0000 to Ox7FFF) 


This area stores an user program. It is overwritten in both programming modes. 


User Program Area 


Loader Program Area/ 
0x0000 Programming Time 
Information Storage Area 
0x0000 
Block 1 Block 3 
32 KByte 2 KByte 
MAIN area (MO) Boot area (BO) 
0x07FF 
Been Block 4 


Ox3FFF 
0x4000 2 KByte 
Boot area (B1) 
Block 2 


32 KByte 
MAIN area (M1) 





Figure:17.1.1 Memory Map in Internal Flash EEPROM 
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One cycle of "erase-write" process is counted as 1 programming in every block. When sev- 
eral blocks are programmed separately, programming count is added by just the number of 
programming cycle. (For instance, when block 1, 2 and 3 are programmed separately, 3 pro- 
gramming count is added.) Therefore, program several blocks together to reduce the pro- 
gramming count. 








Boot area stores the loader program for onboard serial programming. Boot area can be pro- 
grammed by the PROM writer only. 
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17.2 PROM Writer Mode 





17.2.1. Overview 





In PROM writer mode, the CPU is halted for the internal flash EEPROM to be programmed. The microcntroller 
is inserted into a dedicated adaptor socket, which connects to a PROM writer. When the microcontroller connects 
to the adaptor socket, it automatically enters PROM writer mode. 


The programming adaptor differs depending on the writer and the package type. 


Table:17.2.1 Programming Adaptor List 





Programming Writer Product Number 





By Ando Electric Co., Ltd. TEF009-CF78A48 (48 pin) 
By Panax 














Matching information of the dedicated writer is posted on our semiconductor website, which is listed on the last 
page of this manual. 


@ Fixing a Device on the Adapter Socket and the Position of No.1 Pin 






Set the No.1 pin of the 
device to this position. 





No. 1 Pin 








Figure:17.2.1 Fixing a Device on the Adapter Socket and the Position of No.1 Pin 
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17.3 Onboard Serial Programming Mode 





17.3.1 Overview 





The onboard serial programming mode is primarily used to program the flash EEPROM in devices that are 
already installed on a PCB board with internal serial interface. Use the dedicated serial writer for programming 
controlled by the load program. In this mode, load program is write/erase-protected in the hardware. 


M@ Hardware and software requirements 

Hardware and software products required for onboard serial programming are as follows. 
Hardware requirements 

-Onboard serial writer 

-Flash programming connectors or pins for target board 

Software requirements 

-Load program installed in the internal flash EEPROM 


(Load program should be programmed with PROM writer in advance. The load program is attached to the serial 
writer.) 


-Programming algorithm for operating onboard serial writer 


@ Built-in hardware for onboard serial programming mode 


Use this LSI's serial interface 0 as a standard serial writer for programming the flash EEPROM in onboard serial 
programming mode. 


[ Refer to Chapter 11 Serial Interface 0 ] 





be reserved as dedicated pins to prevent other user circuits from communicating with the 
device. Alternatively, design your target board to be capable of normal communication with 
serial writer. 


< Serial interface I/O pins (SBTOB, SBIOB, P76), used for onboard serial programming should 





M@ Onboard serial programming writer 


The onboard serial programming writer supports the following model. Also, the load program can be downloaded 
on the following website; 


YDC AF220/B 


http://ydc.co.jp/micom/product/download_impress.htm 
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XVII - 6 


17.3.2 Circuit Requirements for the Target Board 


















VDD (for level detection) 


10 KQ Microcontroller 


O-Wrst 





Serial 2.7V to 3.6V 


Writer 

















Target Board 











Figure:17.3.1 Circuit Requirements for the Target Board 


Pins 

-Vpp) (8.23 pin) —-.2.7V to 3.6V power supply 

-NRST (12 pin) Reset 

-SBTOB (40 pin) Serial interface clock supply pin 

-SBOOB (38 pin) _—_ Serial interface data input pin 

-GND (5 pin) Ground 

-P76 (39 pin) Busy signal output pin 

-MMOD (11 pin) | MMOD pin (Low at user mode, High at on board programming) 


-Vpp2 should be 2.7VS Vppz $3.6V. When Vpp level (2.7V to 3.6V) is too low, serial writer generates error 
message. 


-Connect pull-up resistors to NRST, MMOD, SBTOB and P76 pins on the target board. The pull-up resistor value 
should be 10 kQ + 1 kQ. 


Design NRST and MMOD to be able to toggle by a switch between serial writer programming and normal opera- 
tion. Alternatively, install a wired-OR connection. (For a wired-OR connection, disable NRST and MMOD from 
the target board during serial writer programming. 


-NRST is output from the serial writer through an open-drain. 


-To prevent the other user circuits on the target board from communicating, the circuit of the target board should 
be designed for SBTOO, SBOOB, and P76 pins to communicate with the serial writer. 


-To prevent noise malfunction of Mask ROM, design the circuit of the target board carefully for the signal used 
for the serial writer. 
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17.3.3 Built-in Hardware for Onboard Programming 
—SEee>e>eeEeyeEEEeEeEeE>E>E>EEEE—EEEEEEEEEEEEE 
1. I/F 

The following built-in hardware is used as the I/F for serial programming of Flash EEPROM. 

One 8bit serial interface (Use serial 0) 

-External clock for data transmission/reception 

-LSB first transmission bit clock speed can be selected from 500 kbps, 250kbps, 125kbps, or 62.5kbps. 

-Input/output is positive logic 

-Two channels serial interface (SBTOB, SBOOB) 

Three I/O pins 

-SBTOB, SBOOB and P76 serve for both serial interface port and I/O port. 
2. I/F Block Diagram 


|_| SBTOB/P77(40pin) 







SBOOB SBOOB 


SBToB |~<t——_{_] sBooB/P75(38pin) 
PB6 |<] pve (39pin) 
NRST |<] nrst (12in) 


8 bit Serial I/F 
(Serial Interface 0) 


Figure:17.3.2 I/F Block Diagram 


To prevent the other user circuits on the target board, shown on the Figure:17.3.2, from communicating, SBTOB, 
SBOOB and P76 pins should be reserved for serial programming, or the circuit of the target board should be 
designed for normal communication with serial writer. 
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17.3.4 MN101CF78A Clock on the Target Board 
EEE | 
-Use the existing clock on the target board for the clock supply to the MN101CF78A on the target board. 
Therefore, the clock frequency of the MN101CF78A differs depending on each user. 

-The guaranteed clock frequency for the MN101CF78A during serial programming is shown below. 





Frequency Operating voltage 





10 MHz (internal 5MHz) 2.7 V to 3.6 V 





5.7 MHz (internal 5.7MHz) 3.0 V to 3.6 V 














4.6 MHz (internal 4.6 MHz) 2.7V to 3.6 V 
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Bit Symbol 
Address Register Page 
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 
0x03FO0O0 | CPUM RESERV | OSCSEL | OSESEL | OSEDBL | STOP HALT Osc 0SCO 1-24 
ED 1 0 11-28 
0 0 0 0 0 0 0 0 
Set Division rate setup Internal STOP HALT Oscillation control 
always to system mode mode 
“0”. clock setup setup 
0x03F01 MEMCTR low1 lOWwOo IVBM Reserve Reserve IRWE Reserve Reserve Il-20 
d d d d 
1 1 0 0 1 0 1 1 
IO wait setup Interrupt Set Set Interrupt Set always to “11” 
base always always request 
address to “0” to “1” software 
writes 
Ox03F02 | WDCTR - - Reserve Reserve Reserve WDTS1 WDTSO WDEN IX-4 
d d d 
- - 0 0 0 1 1 0 
Set always to “O”. Watchdog timer Watchdo 
detection period g timer 
control 
0x03F03 | DLYCTR BUZOE BUZS2 BUZS1 BUZSO DLYS1 DLYSO - - 11-33 
X-5 
0 0 0 0 0 0 - - 
Buzzer Buzzer output frequency selection Oscillation stabiliza- 
output tion wait period selec- 
selection tion 
0x03F11 P10OUT P10UT7 P1OUT6 | P1OUT5 | P1OUT4 | P1OUT3 | P1OUT2 | P1OUT1 P1OUTO | IV-7 
x x x X x x xX xX 
Port 1 output data 
Ox03F12 | P2OUT P2OUT7 - - - - - - - IV-22 
1 < 2 e = = . = 
Output 
data 
(Reset 
output) 
0x03F13 | P3OUT P30UT7 P30UT6 | P30UT5 | P38O0UT4 | P30UT3 | P30UT2 | P30UT1 P30UTO | IV-26 
x x x X x x xX xX 
Port 3 output data 
Special Function Registers List XVII - 9 
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Bit Symbol 
Address Register Page 
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 
0x03F15 | P5OUT - P5O0UT6 | P50UT5 | P5OUT4 | P50UT3 | P50UT2 | P50OUT1 P50UTO | IV-41 
= x x x xX x x xX 
Port 5 output data 
0x03F17 | P7OUT P7OUT7 P7OUT6 | P7OUT5 | P7OUT4 | P7OUT3 | P7OUT2 | P7OUT1 P7OUTO | IV-51 
xX xX x x xX x x xX 
Port 7 output data 
0x03F19 | P9OUT - - - - - - - P9OUTO | IV-67 
s, 5 s ie = = = x 
Port 9 
output 
data 
Ox03F1A | PAOUT - PAOUT6 | PAOUTS | PAOUT4 | PAOUT3 | PAOUT2 | PAOUT1 PAOUTO | IV-74 
= x x x x x x x 
- Port A output data 
0x03F1B | P1ODC P170DC - P150DC | - - - P110DC | P100DC | IV-11 
0 - 0 - - - 0 0 
P17 P15 P11 P10 
open- open- open- open- 
drain drain drain drain 
control 
control control control 
0x03F1C | P1OMD P1OMD7 | P1OMD P10MD P10MD P10MD NBUZSE | P10MD BUZSEL | IV-10 
6 5 4 3 L 2 
0 0 0 0 0 0 0 0 
/O port /O port I/O port I/O port, /O port, I/O port I/O port, I/O port 
Timer 2B Timer 2B Timer 0B Timer 0 Timer 7 NBUZZE | Timer 8 BUZZER 
output output output remote output output output selection 
selection selection | selection | control selection | selection | selection 
output 
selection 
0x03F1D | P7ODC P770DC P76ODC | P750DC | - - - - - IV-54 
0 0 0 - - - - - 
P77 P76 P75 
open- open- open- 
drain drain drain 
control control control 
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Appendix 
Bit Symbol 
Address Register Page 
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 
Ox03F1E | EDGDT - - - - - EDGSEL | - - IIl-49 
1 
5 = e a = 0 a - 
IRQ2 
both 
edges 
interrupt 
opera- 
tion 
setup 
Ox03F1F | CLKOUT - - - - SCHMIT | PDOWN | CLKSEL | OUTEN IV-13 
T 
- - - - 0 0 0 0 
Switch Clock Clock Clock 
port output type output 
input function selection | enable 
level 
0x03F21 P1IN P1IN7 P1IN6 P1IN5 P1IN4 P1IN3 P1IN2 P1IN1 P1INO IV-8 
x x x % x x 1 1 
Port 1 input data 
0x03F23 | P3IN P3IN7 P3IN6 P3IN5 P3IN4 P3IN3 P3IN2 P3IN1 P3INO IV-27 
1 x x x x x x x 
Port 3 input data 
0x03F25 | PS5IN - P5IN6 P5IN5 P5IN4 P5IN3 P5IN2 P5IN1 P5INO IV-42 
=, x x x xX x x x 
Port 5 input data 
0x03F27 | P7IN P7IN7 P7IN6 P7IN5 P7IN4 P7IN3 P7IN2 P7IN1 P7INO IV-52 
xX xX x x x x x x 
Port 7 input data 
0x03F29 P9IN - - - - - - - P9INO IV-68 
Port 9 input data 
Ox03F2A | PAIN - PAIN6 PAIN5 PAIN4 PAIN3 PAIN2 PAIN1 PAINO IV-75 
- 1 1 1 x x x x 
Port A input data 
Special Function Registers List XVII - 11 
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Appendix 
Bit Symbol 
Address Register Page 
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 
Ox03F2C | P50MD P5LED3 P5LED2 P5LED1 P5LEDO P50MD P50MD P50MD P50MD IV-44 
3 2 1 0 
0 0 0 0 0 0 0 0 
LED3 LED2 LED1 LEDO /O port, I/O port, /O port, I/O port, 
(large (large (large (large Timer 8 Timer2A | Timer 7 Timer 0A 
current current current current output output output output 
output) output) output) output) selection | selection | selection | selection 
selection selection | selection | selection 
0x03F2D | PAODC - PA6ODC | PASODC | - - PA2ODC | - PAOODC | IV-77 
- 0 0 - - 0 - 0 
PA6 PA5 PA2 - PAO 
open- open- open- open- 
drain drain drain drain 
control control control control 
Ox03F2E | NFCTR P55IM NF1SCK | NF1SCK | NF1EN P54IM NFOSCK | NFOSCK | NFOEN Ill-48 
1 0 1 0 
0 0 0 0 0 0 0 0 
ACZ 1 IRQ1/noise sampling IRQ1/ ACZO IRQO/noise sampling IRQO/ 
enable frequency noise fil- enable frequency noise fil- 
ter ter 
0x03F31 P1DIR P1DIR7 P1DIR6 P1DIR5 P1DIR4 P1DIR3 P1DIR2 P1DIR1 P1DIRO IV-8 
0 0 0 0 0 0 0 0 
Port 1 I/O direction control 
0x03F33 | P3DIR P3DIR7 P3DIR6 P3DIR5 P3DIR4 P3DIR3 P3DIR2 P3DIR1 P3DIRO IV-27 
0 0 0 0 0 0 0 0 
Port 3 I/O direction control 
0x03F35 | P5DIR - P5DIR6 P5DIR5 P5DIR4 P5DIR3 P5DIR2 P5DIR1 P5DIRO IV-42 
- 0 0 0 0 0 0 0 
Port 5 I/O direction control 
0x03F37 | P7DIR P7DIR7 P7DIR6 P7DIR5 P7DIR4 P7DIR3 P7DIR2 P7DIR1 P7DIRO IV-52 
0 0 0 0 0 0 0 0 
Port 7 I/O direction control 
0x03F39 | P9DIR - - - - - - - P9DIRO IV-68 
Port 9 I/O direction control 
0x03F3A | PADIR - PADIR6 PADIR5 PADIR4 PADIR3 PADIR2 PADIR1 PADIRO IV-75 
- 0 0 0 0 0 0 0 
Port A I/O direction control 
XVII-12 Special Function Registers List 
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Appendix 
Bit Symbol 
Address Register Page 
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 
0x03F3B | P30DC - - - - P330DC | P32O0DC | - - IV-30 
= S Ee: = 0 0 a o 
P33 P32 
open- open- 
drain drain 
control control 
Ox03F3C | P7OMD - - - - - - P7OMD P7OMD IV-53 
1 0 
- - - - - - 0 0 
V/O port /O port 
Timer 3 Timer 1 
output output 
selection | selection 
0x03F3D | P1CNTO - - P1CNTO P1CNTO P1CNTO P1CNTO P1CNTO P1CNTO IV-12 
5 4 3 2 1 0 
- - 0 0 0 0 0 0 
P16 real time control P14 real time control P12 real time control 
Ox03F3E | KEYT3_1IMD KEYT3S - - - KEYT3_ KEYT3_ KEYT3_ KEYT3_ IIl-50 
EL 1EN3 1EN2 1EN1 1ENO 
0 - - - 0 0 0 0 
Key inter- KEY3 KEY2 KEY1 KEYO 
rupt con- key inter- | keyinter- | keyinter- | key inter- 
trol rupt rupt rupt rupt 
selection | selection | selection | selection 
Ox03F3F | KEYT3_2IMD - - - - KEYT3_ KEYT3_ KEYT3_ KEYT3_ Il-54 
2EN3 2EN2 2EN1 2ENO 
- - - - 0 0 0 0 
KEY7 KEY6 KEY5 KEY4 
key inter- | keyinter- | key inter- | key inter- 
rupt rupt rupt rupt 
selection | selection | selection | selection 
0x03F41 P1PLUD P1PLUD P1PLUD | P1PLUD | P1PLUD | P1PLUD | PiPLUD | P1PLUD | PiPLUD | IV-9 
7 6 5 4 3 2 1 0 
0 0 0 0 0 0 1 1 
Port 1 pull-up/pull-down resistor 
0x03F43 | P3PLUD P3PLUD P3PLUD | P3PLUD | P3PLUD | P3PLUD | P38PLUD | P3PLUD | P38PLUD | IV-28 
7 6 5 4 3 2 1 0 
1 0 0 0 0 0 0 0 
Port 3 pull-up resistor/pull-down resistor 
0x03F45 | P5PLU - P5PLU6 P5PLU5 P5PLU4 P5PLU3 P5PLU2 P5PLU1 P5PLUO IV-43 
- 0 0 0 0 0 0 0 
Port 5 pull-up resistor 
Special Function Registers List XVII - 13 
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Appendix 
Bit Symbol 
Address Register Page 
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 
0x03F47 | P7PLUD P7PLUD P7PLUD | P7PLUD | P7PLUD | P7PLUD | P7PLUD | P7PLUD | P7PLUD | IV-53 
7 6 5 4 3 2 1 0 
0 0 0 0 0 0 0 0 
Port 7 pull-up/pull-down resistor 
0x03F49 | P9PLU - - - - - - - P9PLUD | IV-69 
0 
Port 9 pull-up/pull-down resistor 
0x03F4A | PAPLUD - PAPLUD | PAPLUD | PAPLUD | PAPLUD | PAPLUD | PAPLU1 PAPLUD | IV-76 
6 5 4 3 2 D 0 
- 1 1 1 0 0 0 0 
Port A pull-up/pull-down resistor 
0x03F4B | SELUD - - - PADWN P3DWN P9DWN P7DWN P1DWN IV-77 
- - - 1 1 1 0 0 
PA pull- P3 pull- P9 pull- P7 pull- P1 pull- 
up/down up/down up/down up/down up/down 
Ox03F4C | XSEL - - - - - - - XSEL IV-70 
P91, Xl 
selection 
Ox03F4E | PAIMD PAIMD7 PAIMD6 PAIMD5 PAIMD4 PAIMD3 PAIMD2 PAIMD1 PAIMDO IV-76 
- 0 0 0 0 0 0 0 
Analog input pin selection 
0x03F50 | TMOBC TMOBC7 | TMOBC6 | TMOBC5 | TMOBC4 | TMOBC3 | TMOBC2 | TMOBC1 | TMOBCO | V-13 
0 0 0 0 0 0 0 0 
Timer 0 binary counter 
0x03F51 TM1BC TM1BC7 | TM1BC6 | TM1BC5 | TM1BC4 | TM1BC3 | TM1BC2 | TM1BC1 | TM1BCO | V-13 
0 0 0 0 0 0 0 0 
Timer 1 binary counter 
Ox03F52 | TMOOC TMO0OC7 | TMOOC6 | TMOOC5 | TMOOC4 | TMOOC3 | TMOOC2 | TMOOC1 | TMOOCO | V-12 
x x x xX x x X xX 
Timer 0 compare register 
0Ox03F64 | TM6BEN - - - - - - TBEN TM6EN VII-7 
- - - - - - 0 0 
- - - - - - Time TM6 
base opera- 
timer tion con- 
opera- trol 
tion con- 
trol 
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Appendix 
Bit Symbol 
Address Register Page 
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 
Ox03F6C | RMCTR - - Reserve TMORM RMOEN RMDTY RMDTY RMBTM VIII-5 
d 1 0 S 
- - 0 0 0 0 0 0 
Set P14 spe- | Remote Remote control Remote 
always cial func- | control career duty selection control 
to “O”. tion career career 
output output base 
selection | enable timer 
selection 
Ox03F6D | PSCMD - - - - - - - PSCEN Ill-47 
: - : 7 - - Prescale 
r count 
control 
Ox03F6E | TM7MD4 - - - T7ONES | T7NODE | - T7ICT2 T7CAPC | VI-19 
HOT D LR 
- - - -0 0 - 0 0 
- - - 1 shot Dead - Capture BC clear 
pulse time trigger control 
selection | selection selection | at cap- 
ture 
Ox03F6F | TM8MD4 - - - - - - T8ICT2 T8CAPC | VI-23 
LR 
- - - - - - 0 0 
- - 7 - - - Capture BC clear 
trigger control 
selection | at cap- 
ture 
0x03F70 | TM7BCL TM7BCL | TM7BCL | TM7BCL | TM7BCL | TM7BCL | TM7BCL | TM7BCL | TM7BCL | VI-11 
7 6 5 4 3 2 1 0 
x x x X x x Xx xX 
Timer 7 binary counter lower 8 bits 
0x03F71 TM7BCH TM7BCH | TM7BC TM7BC TM7BC TM7BC TM7BC TM7BC TM7BC ViI-11 
7 H6 H5 H4 H3 H2 H1 HO 
x x x xX x x xX xX 
Timer 7 binary counter upper 8 bits 
0x03F72 | TM7OC1L TM70C1 TM70C1 | TM7O0C1 | TM70C1 | TM70C1 | TM70C1 | TM70C1 | TM70C1 | VI-9 
L7 L6 L5 L4 L3 L2 | LO 
x x x X x x xX xX 
Timer 7 compare register 1 lower 8 bits 
0x03F73 | TM7OC1H TM70C1 TM70C1 | TM70C1 | TM70C1 | TM70C1 | TM70C1 | TM70C1 | TM70C1 | VI-9 
H7 H6 H5 H4 H3 H2 H1 HO 
x x x xX x x X x 
Timer 7 compare register 1 upper 8 bits 
Special Function Registers List XVII - 15 
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Appendix 
Bit Symbol 
Address Register Page 
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 
0x03F74 | TM7PR1L TM7PR1 TM7PR1 | TM7PR1 | TM7PR1 | TM7PR1 | TM7PR1 | TM7PR1 | TM7PR1 | VI-10 
L7 L6 L5 L4 L3 L2 1 LO 
x x x xX x X xX x 
Timer 7 preset register 1 lower 8 bits 
0x03F75 | TM7PR1H TM7PR1 TM7PR1 | TM7PR1 | TM7PR1 | TM7PR1 | TM7PR1 | TM7PR1 | TM7PR1 | VI-10 
H7 H6 H5 H4 H3 H2 H1 HO 
x x x xX x x xX xX 
Timer 7 preset register 1 upper 8 bits 
Ox03F76 | TM7ICL TM7ICL7 | TM7ICL TM7ICL TM7ICL TM7ICL TM7ICL TM7ICL TM7ICL Vi-11 
6 5 4 3 2 1 0 
x x x xX x x X x 
Timer 7 input capture register lower 8 bits 
0x03F77 | TM7ICH TM7ICH7 | TM7ICH TM7ICH TM7ICH TM7ICH TM7ICH TM7ICH TM7ICH ViI-11 
6 5 4 3 2 1 0 
x x x xX x x xX xX 
Timer 7 input capture register upper 8 bits 
0x03F78 | TM7MD1 Reserved | T7ICED TM7CL TM7EN TM7PS1 | TM7PSO | TM7CK1 | TM7CKO | VI-16 
G1 
0 0 1 0 0 0 0 0 
Set Capture Timer Timer Count clock selection Clock source selec- 
alwaysto | trigger output count tion 
“0” reset control 
signal 
0x03F79 | TM7MD2 T7ICED TM7PW TM7BC TM7PW TM7IRS T7ICEN T7ICT1 T7ICTO VI-17 
GO MSL R M 1 
0 0 0 0 0 0 0 0 
Capture PWM TM7 Timer Timer 7 Input Capture trigger 
trigger mode count output interrupt capture 
edge selection | clear wave- factor opera- 
selection factor form selection | tion 
selection | selection enable 
Ox03F7A | TM7O0C2L TM70C2 | TM7O0C2 | TM70C2 | TM70C2 | TM70C2 | TM70C2 | TM70C2 | TM70C2 | VI-9 
L7 L6 L5 L4 L3 L2 | LO 
x x x xX x x X xX 
Timer 7 compare register 2 lower 8 bits 
0x03F7B | TM7OC2H TM70C2 | TM7OC2 | TM70C2 | TM70C2 | TM70C2 | TM70C2 | TM70C2 | TM7O0C2 | VI-9 
H7 H6 H5 H4 H3 H2 H1 HO 
x x x xX x x X xX 
Timer 7 compare register 2 upper 8 bits 
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Appendix 

Bit Symbol 

Address Register Page 
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 

Ox03F7C | TM7PR2L TM7PR2 | TM7PR2 | TM7PR2 | TM7PR2 | TM7PR2 | TM7PR2 | TM7PR2 | TM7PR2 | VI-10 
L7 L6 L5 L4 L3 L2 uu LO 
x x x X x X xX x 
Timer 7 preset register 2 lower 8 bits 

0x03F7D | TM7PR2H TM7PR2 | TM7PR1 | TM7PR2 | TM7PR2 | TM7PR2 | TM7PR2 | TM7PR2 | TM7PR2 | VI-10 
H7 H6 H5 H4 H3 H2 H1 HO 
x x x xX x x xX xX 
Timer 7 preset register 2 upper 8 bits 

Ox03F7E | TM7DPR1 TM7DPR_ | TM7DP TM7DP TM7DP TM7DP TM7DP TM7DP TM7DP VI-12 
17 R16 R15 R14 R13 R12 R11 R10 
x x x X x x xX x 
Timer 7 preset register 1 

Ox03F7F | TM7DPR2 TM7DPR_ | TM7DP TM7DP TM7DP TM7DP TM7DP TM7DP TM7DP VI-12 
27 R26 R25 R24 R23 R22 R21 R20 
x x x xX x x X xX 
Timer 7 preset register 2 

Ox03F80 | TM8BCL TM8BCL | TM8BCL | TM8BCL | TM8BCL | TM8BCL | TM8BCL | TM8BCL | TM8BCL | VI-15 
7 6 5 4 3 2 1 0 
x x x xX x x xX xX 
Timer 8 binary counter lower 8 bits 

0x03F81 TM8BCH TM8BCH_ | TM8BC TM8BC TM8BC TM8BC TM8BC TM8BC TM8BC VI-15 
7 H6 H5 H4 H3 H2 H1 HO 
x x x X x x X Xx 
Timer 8 binary counter upper 8 bits 

Ox03F82 | TM8O0C1L TM80C1 TM80C1 | TM80C1 | TM80C1 | TM80C1 | TM80C1 | TM80C1 | TM80C1 | VI-13 
L7 L6 L5 L4 L3 L2 | LO 
x x x xX x x xX Xx 
Timer 8 compare register 1 lower 8 bits 

Ox03F83 | TM80C1H TM80C1 TM80C1 | TM80C1 | TM80C1 | TM80C1 | TM80C1 | TM80C1 | TM80C1 | VI-13 
H7 H6 H5 H4 H3 H2 H1 HO 
x x x X x x X x 
Timer 8 compare register 1 upper 8 bits 

Ox03F84 | TM8PR1L TM8PR1 TM8PR1 | TM8PR1 | TM8PR1 | TM8PR1 | TM8PR1 | TM8PR1 | TM8PR1 | VI-14 
L7 L6 L5 L4 L3 L2 1 LO 
x x x xX x x X xX 
Timer 8 preset register 1 lower 8 bits 

Ox03F85 | TM8PR1H TM8PR1 TM8PR1 | TM8PR1 | TM8PR1 | TM8PR1 | TM8PR1 | TM8PR1 | TM8PR1 | VI-14 
H7 H6 H5 H4 H3 H2 H1 HO 
x x x xX x x X xX 
Timer 8 preset register 1 upper 8 bits 

Special Function Registers List XVII - 17 
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Appendix 
Bit Symbol 
Address Register Page 
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 
Ox03F86 | TM8ICL TM8ICL7 | TM8ICL TM8ICL TM8ICL TM8ICL TM8ICL TM8ICL TM8ICL VI-15 
6 5 4 3 2 1 0 
x x x xX x X xX x 
Timer 8 input capture register 1 lower 8 bits 
Ox03F87 | TM8ICH TM8ICH7 | TM8ICH TM8ICH TM8ICH TM8ICH TM8ICH | TM8ICH TM8ICH VI-15 
6 5 4 3 2 1 0 
x x x xX x x X xX 
Timer 8 input capture register 1 upper 8 bits 
Ox03F88 | TM8MD1 Reserved | T8ICED TM8CL TM8EN TM8PS1 | TM8PSO | TM8CK1 | TM8CKO | VI-20 
G1 
0 0 1 0 0 0 0 0 
Set Capture Timer Timer 8 Count clock selection Clock source selec- 
always to | trigger output count tion 
“0”. reset control 
signal 
Ox03F89 | TM8MD2 T8ICED TM8PW TM8BC TM8PW TM8IRS T8ICEN T8ICT1 T8ICTO VI-21 
G1 MSL R M 1 
0 0 0 0 0 0 0 0 
Capture PWM Timer 8 Timer Timer 8 Input Capture trigger 
trigger mode count output interrupt capture 
edge selection | clearfac- | wave- factor opera- 
selection tor form selection | tion 
selection | selection enable 
Ox03F8A | TM80C2L TM80C2 | TM80C2 | TM80C2 | TM80C2 | TM80C2 | TM80C2 | TM80C2 | TM80C2 | VI-13 
L7 L6 L5 L4 L3 L2 | LO 
x x x xX x x xX xX 
Timer 8 compare register 2 lower 8 bits 
Ox03F8B | TM80C2H TM80C2 | TM80C2 | TM80C2 | TM80C2 | TM80C2 | TM80C2 | TM80C2 | TM8O0C2 | VI-13 
H7 H6 H5 H4 H3 H2 H1 HO 
x x x X x x X x 
Timer 8 compare register 2 upper 8 bits 
Ox03F8C | TM8PR2L TM8PR2 | TM8PR2 | TM8PR2 | TM8PR2 | TM8PR2 | TM8PR2 | TM8PR2 | TM8PR2 | VI-14 
L7 L6 L5 L4 L3 L2 lu LO 
x x x xX x x xX Xx 
Timer 8 preset register 2 lower 8 bits 
0x03F8D | TM8PR2H TM8PR2 | TM8PR2 | TM8PR2 | TM8PR2 | TM8PR2 | TM8PR2 | TM8PR2 | TM8PR2 | VI-14 
H7 H6 H5 H4 H3 H2 H1 HO 
x x x xX x x X xX 
Timer 8 preset register 2 upper 8 bits 
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Appendix 
Bit Symbol 
Address Register Page 
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 
Ox03F8E | TM7MD3 TM7CKS_ | Reserve TM7CKE | T7IGBT T7IGBT T7IGBT T7IGBT1 | T7IGBTO | VI-18 
MP d DG TR DT EN 
0 0 0 0 0 0 0 0 
Capture Set TM7IO IGBT IGBT IGBT IGBT/Timer trigger 
sampling always count trigger dead opera- selection 
to “O”. edge level time tion 
selection | selection | insert enable 
timing 
Ox03F8F | TM8MD3 TM8CKS | - - TM8CKE | TM8SEL | TM8PW TM8PW TM8CAS | VI-22 
MP DG MF MO 
0 - - 0 0 0 0 0 
Capture TM8IO Timer 8 PWM Timer 8 Cascade 
sampling count output output PWM selection 
edge selection | control output 
selection at timer polarity 
8 halt selection 
0x03F90 | SCSEL TMPSC1 TMPSC1 | TMPSC TMPSC SC4SL - SC1SL SCOSL XI-12 
2 4 02 O1 
0 0 0 0 0 - 0 0 
Serial 1 Timer 2 output | SerialO timer 2 output | Serial 4 Serial 1 Serial 1 
dividing selection dividing selection 1/0 pin I/O pin 1/0 pin 
switch- switch- switch- 
ing ing ing 
0x03F91 SCOMDO SCOCE1 - - SCODIR SCOSTE | SCOLNG | SCOLNG | SCOLNG | XI-7 
2 1 0 
0 - - 0 0 1 1 1 
Transmis Transfer Start Synchronous serial transfer bit 
sion / bit speci- | condi- selection 
Recep- fication tion 
tion edge selection 
selection 
0x03F92 | SCOMD1 SCOIOM SCOSBT | SCOSBI SCOSBO | SCOCK SCOMST | SCODIIV | SCOCM XI-8 
Ss S Ss M D 
0 0 0 0 0 0 0 0 
Serial SBT Serial SBOO Transfer Clock Transfer Synchro 
data function input function clock master/ clock nous/ 
input selection | control selection | dividing slave dividing URT 
selection selection selection | selection | selec- 
tion (1/8, 
1/16) 
0x03F93 | SCOMD2 SCOFM1 SCOFMO | SCOPM1 | SCOPMO | SCONPE | - SCOBRK | SCOBRK | XI-9 
F E 
0 0 0 0 0 - 0 0 
Frame mode specifi- Added bit specifica- Parity Bread Break 
cation tion enable status status 
recep- trans- 
tion mission 
monitor control 
Special Function Registers List XVII - 19 
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Appendix 
Bit Symbol 
Address Register Page 
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 
0x03F94 | SCOMD3 SCOFDC | SCOFDC | - - SCOPSC | SCOPSC | SCOPSC | SCOPSC | XI-10 
1 0 E 2 1 0 
0 0 - - 0 0 0 0 
Output selection after - - Prescale | Selection clock 
SBO0 final data trans- r count 
mit control 
0x03F95 | SCOSTR SCOTBS SCORBS | SCOTEM | SCORE SCOFEF | SCOPEK | SCOOR SCOERE | XI-11 
Y Y P MP E 
0 0 0 0 0 0 0 0 
Serial bus status Transfer Receive Framing Parity Overrun Error 
buffer buffer error error error monitor 
empty empty detection | detection | detection | flag 
O0x03F96 | RXBUFO RXBUFO RXBUFO | RXBUFO | RXBUFO | RXBUFO | RXBUFO | RXBUFO | RXBUFO | XI-6 
7 6 5 4 3 2 1 0 
x x x X x x X xX 
Serial interface 0 reception data buffer 
0x03F97 | TXBUFO TXBUFO TXBUFO | TXBUFO | TXBUFO | TXBUFO | TXBUFO | TXBUFO | TXBUFO | XI-6 
7 6 5 4 3 2 1 0 
x x x xX x x X xX 
Serial interface 0 transmission data buffer 
0x03F99 | SC1MDO SC1CE1 - - SC1DIR SC1STE | SCILNG | SC1LNG | SC1LNG | XII-7 
2 1 0 
0 - - 0 0 1 1 1 
transmiss | - - Transfer Start Synchronous transfer bit specifica- 
ion/ bit speci- | condi- tion 
recep- fication tion 
tion edge selection 
selection 
Ox03F9A | SC1MD1 SC1IOM SC1SBT | SC1SBI SC1SBO | SC1CK SC1MST | SC1DIV SCOCM XII-8 
Ss S Ss M D 
0 0 0 0 0 0 0 0 
Serial SBT Serial SBO Transfer Clock Transfer Synchro 
data function input function clock master/ clock nous/ 
input selection | control selection | dividing slave dividing UART 
selection selection | selection | selec- 
tion (1/8, 
1/16) 
Ox03F9B | SC1MD2 SC1FM1 SC1FMO | SC1PM1 | SC1PMO | SC1NPE | - SC1BRK | SC1BRK | XII-9 
F E 
0 0 0 0 0 - 0 0 
Frame mode specifi- Added bit specifica- Parity - Break Break 
cation tion enable status status 
recep- trans- 
tion mission 
monitor control 
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Appendix 
Bit Symbol 
Address Register Page 
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 
Ox03F9C | SC1MD3 SC1FDC | SC1FDC | - - SC1PSC | SC1PSC | SC1PSC | SC1PSC | XII-10 
1 0 E 2 | 0 
0 0 - - 0 0 0 0 
Output selection after Prescale | Selection clock 
SBO final data trans- r count 
mit control 
Ox03F9D | SC1ISTR SC1TBS SC1RBS | SC1TEM | SC1RE SC1FEF | SC1PEK | SC1OR SC1ERE | XIl-11 
Y Y P MP E 
0 0 0 0 0 0 0 0 
Serial bus status Transmis | Receptio | Frame Parity Overrun Error 
sion n buffer error error error monitor 
buffer empty detection | detection | detection | flag 
empty 
Ox03F9E | RXBUF1 RXBUF1 RXBUF1 RXBUF1 RXBUF1 RXBUF1 RXBUF1 RXBUF1 RXBUF1 | XII-6 
7 6 5 4 3 2 1 0 
x x x X x x X xX 
Serial interface 1 reception data buffer 
Ox03F9F | TXBUF1 TXBUF1 TXBUF1 TXBUF1 TXBUF1 TXBUF1 TXBUF1 TXBUF1 TXBUF1 XII-6 
7 6 5 4 3 2 1 0 
x x x X x x Xx x 
Serial interface 1 transmission data buffer 
Ox03FAO | SC3MDO SC3BSY SC3CE1 - SC3DIR SC3STE | SC3LNG | SC3LNG | SC3LNG | XIII-6 
2 1 0 
0 0 - 0 0 1 1 1 
Clock Transmis | - Transfer Start Synchronous transfer bit specifica- 
synchro- sion/ bit speci- | condi- tion 
nous Recep- fication tion 
transmis- | tion selection 
sion edge 
serialbus | selection 
status 
0x03FA1 SC3MD1 SC3IOM SC3SBT | SC3SBI SC3SBO | - SC3MST | - - XIII-7 
iS) iS) iS) 
0 0 0 0 - 0 - - 
Serial SBT3 Serial SBO3 Clock 
data function input function master/ 
input selection | control selection Slave 
selection selection 
Ox03FA2 | SC3MD3 SC3FDC | SC3FDC | - - SC3PSC | SC3PSC | SC3PSC | SC3PSC | XIll-8 
1 0 E 2 1 0 
0 0 - - 0 0 0 0 
Output selection after Prescale | Selection clock 
SBO final data trans- r count 
mit control 
Special Function Registers List XVII - 21 
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Appendix 
Bit Symbol 
Address Register Page 
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 
Ox03FA3 | SC3STR - - SC8TEM | - - - - - XIll-9 
P 
= = 0 a = = a ‘2 
Transfer 
buffer 
empty 
flag 
Ox03FA4 | TXBUF3 TXBUF3 TXBUF3 | TXBUF3 | TXBUF3 | TXBUF3 | TXBUF3 | TXBUF3 | TXBUF3 | XIII-5 
7 6 5 4 3 2 1 0 
x x x x x x x x 
Serial interface 3 transmission data buffer 
0x03FA5 | SC3TRB SC3TRB SC38TRB | SC3TRB | SC3TRB | SC3TRB | SC3TRB | SC38TRB | SC3TRB | XIII-5 
7 6 5 4 3 2 1 0 
x x xX x xX xX x x 
Serial interface 3 reception data buffer 
Ox03FA6 | SC3CTR IIC3BSY IIC3STC IIC3STP IIC3TMD | IIC3REX | SC38CM SC3ACK | SC3ACK | XIll-10 
Cc D Ss oO 
0 0 0 0 0 0 0 0 
Serial Start Stop Commun | Transmis | Synchro ACK ACK bit 
bus sta- condi- condi- ication sion/ nous/ IIC | enable level 
tus tion tion mode Recep- 
selection | selection tion 
mode 
selection 
Ox03FA7 | SC4ADO I2CAD7 I2CAD5 I2CAD6 l2CAD4 I2CAD3 I2CAD2 I2CAD1 l2CADO XIV-6 
0 0 0 0 0 0 0 0 
Serial interface 4 address setup 
Ox03FA8 | SC4AD1 SELI2C I2CMON | - - I2CGEM I2CADM l2CAD9 I2CAD8 XIV-6 
0 0 - - 0 0 0 0 
Reset Pin mon- Commun | Address Serial interface 4 
control itor ication mode address setup 
mode selection 
selection 
Ox03FA9 | SC4RXB I2CRXB7 | l2CRXB I2CRXB I2CRXB l2CRXB I2CRXB I2CRXB I2CRXB XIV-5 
6 5 4 3 2 1 0 
x x xX x x xX x x 
Serial interface 4 reception data buffer 
Ox03FAA | SC4TXB l2CTXB7 l2CTXB6 | I2CTXB5 | l2CTXB4 | I2CTXB3 | I2CTXB2 | I2CTXB1 | I2CTXBO | XIV-5 
0 0 0 0 0 0 0 0 
Serial interface 4 transmission data buffer 
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Appendix 
Bit Symbol 
Address Register Page 
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 
Ox03FAB | SC4STR WRS I2CINT STRT RSTRT I2CBSY SLVBSY | ACKVAL | - XIV-7 
ID 
1 0 0 0 0 0 0 - 
Data Interrupt Start Re-start Bus Slave ACK 
transfer detec- condi- condi- busy flag | busy flag | detec- 
direction tion flag tion tion tion flag 
determi- detection | detection 
nation 
flag 
O0x03FCO | LCDMD1 LCDEN Reserve LCDTY1 LCDTYO LCDCK3 | LCDCK2 | LCDCK1 LCDCKO | XVI-7 
d 
0 0 0 0 0 0 0 0 
LCDstart | Set LCD display duty Source clock 
always selection 
to “0”. 
0x03FC1 LCDMD2 Reserve Reserve LCRHL LCREN Reserve Reserve XVI-8 
d d d d 
- - 0 0 0 0 0 0 
Set always to “O”. Internal Dividing Set always to “00” 
voltage voltage 
dividing resistor 
resistor connec- 
value tion 
selection | selection 
Ox03FC2 | LCCTR1 LC1SL3 LC1SL2 LC1SL1 LC1SLO COMSL COMSL COMSL COMSL XVI-9 
3 2 1 0 
0 0 0 0 0 0 0 0 
P74/ P75/ P76/ P77/ P33/ P32/ P31/ P30/ 
SEG3 SEG2 SEG1 SEGO COM3 COM2 COM1 COMO 
selection selection | selection | selection | selection | selection | selection | selection 
0x03FC3 | LCCTR2 LC2SL7 LC2SL6 LC2SL5 LC2SL4 LC2SL3 LC2SL2 LC2SL1 LC2SLO XVI-10 
0 0 0 0 0 0 0 0 
P14/ P15/ P16/ P17/ P70/ P71/ P72/ P73/ 
SEG11 SEG10 SEG9 SEG8 SEG7 SEG6 SEG5 SEG4 
selection selection | selection | selection | selection | selection | selection | selection 
0x03FC4 | LCCTR3 - - - - - LC3SL2 LC3SL1 LC3SLO XVI-11 
- - - - - 0 0 0 
P34/ P35/ P36/ 
VLC3 VLC2 VLC1 
selection | selection | selection 
0x03FC ANCTRO ANSH1 ANSHO ANCK1 ANCKO ANLADE | - - - XV-5 
B 
0 0 0 0 0 - - - 
Sample and hold time | A/D conversion clock A/D lad- 
der 
resis- 
tance 
control 
Special Function Registers List XVII - 23 





Chapter 17 













































































Appendix 
Bit Symbol 
Address Register Page 
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 
0x03FC ANCTR1 - - - - - ANSHS2 | ANSHS1 | ANSHSO | XV-6 
Cc 
- - - - - 0 0 0 
Analog input channel 
0x03FC ANCTR2 ANST ANSTSE | Reserve - - - - - XV-6 
D L1 d 
0 0 0 - - - - - 
A/D con- A/D con- | Set 
version version always 
status starting to “O”. 
factor 
selection 
0x03FC ANBUFO ANBUFO | ANBUFO | - - - - - - XV-7 
E 7 6 
x x . # < * fe = 
A/D conversion data storage buffer 0 
0x03FC ANBUF1 ANBUF1 ANBUF1 | ANBUF1 | ANBUF1 | ANBUF1 | ANBUF1 | ANBUF1 | ANBUF1 | XV-7 
F 7 6 5 4 3 2 1 0 
x x x X x xX xX x 
A/D conversion data storage buffer 1 
O0x03FE1 | NMICR - - - - - IRQNPG | IRQNW Reserve Ill-19 
DG d 
- - - - - 0 0 0 
Program Watch Set 
interrupt dog always 
request interrupt to “O”. 
request 
Ox03FE2 | IRQOICR IRQOLV1 IRQOLVO | REDGO - - - IRQOIE IRQOIR Ill-20 
0 0 0 - - - 0 0 
Interrupt level specifi- Interrupt Interrupt Interrupt 
cation flag valid enable request 
edge flag flag 
specifi- 
cation 
flag 
Ox03FE3 | IRQIICR IRQ1LV1 IRQ1LVO | REDGO - - - IRQ1IE IRQ1IR W-21 
0 0 0 - - - 0 0 
Interrupt level specifi- Interrupt Interrupt Interrupt 
cation flag valid enable request 
edge flag flag 
specifi- 
cation 
flag 
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Appendix 
Bit Symbol 
Address Register Page 
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 
Ox03FE4 | IRQ2ICR IRQ2LV1 IRQ2LVO | REDG1 - - - IRQ2IE IRQ2IR INl-22 
0 0 0 . - 7 0 0 
Interrupt level specifi- Interrupt Interrupt Interrupt 
cation flag valid enable request 
edge flag flag 
specifi- 
cation 
flag 
Ox03FE6 | IRQ4ICR IRQ4LV1 IRQ4LVO | - - - - IRQ4IE IRQ4IR Ill-23 
0 0 0 é = : 0 0 
Interrupt level specifi- Interrupt Interrupt Interrupt 
cation flag valid enable request 
edge flag flag 
specifi- 
cation 
flag 
Ox03FE7 | TMOICR TMOLV1 TMOLVO | - - - - TMOIE TMOIR 1-24 
0 0 - : 0 0 
Interrupt level flag Interrupt Interrupt 
enable request 
flag flag 
Ox03FE8 | TM1ICR TM1LV1 TM1LVO | - - - - TM1IE TM1IR I-25 
0 0 ' : = 0 0 
Interrupt level flag Interrupt Interrupt 
enable request 
flag flag 
Ox03FE9 | TM2ICR TM2LV1 TM2LVO | - - - - TM2lIE TM2IR I-26 
0 0 7 : - 0 0 
Interrupt level flag Interrupt Interrupt 
enable request 
flag flag 
Ox03FE TM3ICR TM3LV1 TM3LVO | - - - - TMS IE TMS3IR I-27 
A 
0 0 : : : ; 0 0 
Interrupt level flag Interrupt Interrupt 
enable request 
flag flag 
Ox03FE TM6ICR TM6LV1 TM6LVO | - - - - TM6IE TM6IR I-28 
B 
0 0 7 - : 0 0 
Interrupt level flag Interrupt Interrupt 
enable request 
flag flag 
Special Function Registers List XVII - 25 
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Appendix 
Bit Symbol 
Address Register Page 
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 
Ox03FE TBICR TBLV1 TBLVO - - - - TBIE TBIR Ill-29 
Cc 
0 0 S - : 7 0 0 
Interrupt level flag Interrupt Interrupt 
enable request 
flag flag 
Ox03FE TM7ICR TM7LV1 TM7LVO - - - - TMOIE TMOIR IIl-30 
D 
0 0 S - - - 0 0 
Interrupt level flag Interrupt Interrupt 
enable request 
flag flag 
Ox03FE T70C2ICR T70C2L T70C2L | - - - - T70C2I T70C2l IIl-31 
E V1 vo E R 
0 0 p Ss : 7 0 0 
Interrupt level flag Interrupt Interrupt 
enable request 
flag flag 
Ox03FEF | SCORICR SCORLV SCORLV | - - - - SCORIE SCORIR IIl-32 
1 0 
0 0 7 é = 7 0 0 
Interrupt level flag Interrupt Interrupt 
enable request 
flag flag 
Ox03FFO | SCOTICR SCOTLV1 | SCOTLV - - - - SCOTIE SCOTIR IIl-33 
0 
0 0 : - i ; 0 0 
Interrupt level flag Interrupt Interrupt 
enable request 
flag flag 
Ox03FF1 | SCIRICR SC1RLV SC1IRLV | - - - - SCORIE SCORIR IIl-34 
1 0 
0 0 - : : : 0 0 
Interrupt level flag Interrupt Interrupt 
enable request 
flag flag 
Ox03FF2 | SCITICR SC1TLV1 | SC1ITLV - - - - SC1TIE SC1TIR IIl-35 
0 
0 0 7 - - - 0 0 
Interrupt level flag Interrupt Interrupt 
enable request 
flag flag 
Ox03FF3 | SC3ICR SC3LV1 SC3LVO - - - - SC3IE SC3IR IIl-36 
0 0 ; = : ‘= 0 0 
Interrupt level flag Interrupt Interrupt 
enable request 
flag flag 
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Appendix 
Bit Symbol 
Address Register Page 
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 
Ox03FF4 | ADICR ADLV1 ADLVO - - - - ADIE ADIR IIl-37 
0 0 S - : 7 0 0 
Interrupt level flag Interrupt Interrupt 
enable request 
flag flag 
Ox03FF5 | SC4ICR SC4LV1 SC4LVO - - - - SC4IE SC4IR IIl-38 
0 0 - - - - 0 0 
Interrupt level flag Interrupt Interrupt 
enable request 
flag flag 
Ox03FF6 | TM8ICR TM8LV1 TM8LVO - - - - TMS8IE TM8IR Ill-39 
0 0 5 Ss : : 0 0 
Interrupt level flag Interrupt Interrupt 
enable request 
flag flag 
Ox03FF7 | T8OC2ICR T80C2L T80C2L | - - - - T80C2I T80C2l IIl-40 
V1 Vo E R 
0 0 : 2 0 0 
Interrupt level flag Interrupt Interrupt 
enable request 
flag flag 
Special Function Registers List XVII - 27 
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17.5 Instruction Set 


MN101C SERIES INSTRUCTION SET 
Group Mnemonic 





Operation Flag Codecycle Re- Machine Code Notes| 





VF|NFIGF|ZF| Size peat] Ext. 1 2 3 4 5 6 7 8 9 10 11 





Data Move Instructions 


























































































































































































































MOV MOV Dn,Dm Dn>Dm -f--f-}--} 2] 1 1010 DnDm 
MOV imm8,Dm imm8—>Dm -|-f-]-| 4 | 2 1010 DmDm <#8._...> 
MOV Dn,PSW Dn>PSW @\eje e| 3] 3 0010 1001 01Dn 
MOV PSW,Dm PSW->Dm -|--f-f-]| 3] 2 0010 0001 01Dm 
MOV (An),Dm mem8(An)>Dm -|-f-]-| 2 | 2 0100 1ADm 
MOV (d8,An),Dm mem8(d8+An)—3Dm wo) hfe] [v4 [2 0110 1ADm <d8. > 4 
MOV (d16,An),Dm mema8(d16+An)3Dm ee )en| ee) [7 [m4 0010 O1101ADmM<di6 ww 
MOV (d4,SP),Dm mem8(d4+SP)3Dm we |e fae] 2] 8] 2 0110 01Dm <d4> *2 
MOV (d8,SP),Dm mem8(d8+SP)—Dm -~|-f-]-} 5 | 3 0010 0110 01Dm <d8. ...> *3 
MOV ae i Dm mema(d16+SP)>Dm ee ae 0010 0110 00Dm <di6 ww 
MOV (io8 mem8(lIOTOP+i08) Dm -|-f-]-| 4 | 2 0110 00Dm <io8 > 
MOV a Dm mem8(abs8)>Dm -f-f-]-| 4] 2 0100 01Dm <abs 8.> 
MOV (abs12),Dm mem8(abs12)>Dm -f--f-]-] 5 | 2 0100 00Dm <abs 12. ..> 
MOV (abs16),Dm mem8(abs16)—>Dm --|-|--|-| 7 | 4 0010 1100 00Dm <abs 16. 2.0 > 
MOV Dn,(Am) Dn—mem8(Am) ~-|--f-]-] 2) 2 0101 1aDn 
MOV Dn,(d8,Am) Dn—>mems(d8+Am) -|-f-]-| 4] 2 0111 1aDn <d8. > 4 
MOV Dn,(d16,Am) Dn—mem8(d16+Am) -|-f-|-| 7 | 4 0010 0111 1aDn <d16.... tit, 
MOV Dn,(d4,SP) Dn—mem8(d4+SP) -|-[-]-| 3 | 2 0111 01Dn <d4> *2 
MOV Dn,(d8,SP) Dn—mem8(d8+SP) we [ice fen] ee] Se [83 0010 0111 01Dn <d8. ..> *3 
MOV Dn,(d16,SP) Dn—>mem8(d16+SP) -|-f-|-| 7 | 4 0010 0111 00Dn <d16_.... Hep. ae! 
MOV Dn,(io8) Dn—mem8(IOTOP+io8) -|--f-]-] 4 | 2 0111 00Dn <io8  ..> 
MOV Dn,(abs8) Dn—mem8(abs8) -~|-|-|-] 4 | 2 0101 01Dn <abs 8..> 
MOV Dn,(abs12) Dn—>mem8(abs12) -|-f-]-| 5 | 2 0101 00Dn <abs 12. > 
MOV Dn,(abs16) Dn-»mem8(abs16) -~|-|-|-| 7] 4 0010 1101 00Dn <abs 16. 2. 
MOV imm8,(i08) imm8—mem8(lIOTOP+io08) -f-f-]-| 6] 3 0000 0010 <iob8 .> <8 u> 
MOV imm8,(abs8) imm8—smem8(abs8) -|-J|-|-| 6] 3 0001 0100 <abs 8.> <#8. > 
MOV imm8,(abs12) imm8—»mem8(abs12) ~|-|-|-]| 7] 3 0001 0101 <abs 12. > <#8. Wu> 
MOV imm8,(abs16) imm8—>mem8(abs16) -|--f-]-}| 94) 5 0011 1101 1001 <abs 16. 2. > 8B .> 
MOV Dn,(HA) Dn—mem8(HA) -f-f-]--| 2 | 2 1101 00Dn 

MOVW_ |MOVW (An),DWm mem16(An)>DWm aa ee (re Pe aa 1110 O0Ad 
MOVW (An),Am mem16(An)—>Am 2) Slee] ofa 0010 1110 10Aa “4 
MOVW (d4,SP),DWm mem16(d4+SP)>DWm -f-f-}-| 3] 3 1110 O11d <d4> *2 
MOVW (d4,SP),Am mem16(d4+SP) Am 22] 28) 2 foeel] 23" 153. 1110 010a <d4> *2 
MOVW (d8,SP),DWm mem16(d8+SP)>DWm -f-f-]-| 5] 4 0010 1110 O11d <d8. ..> *3 
MOVW (d8,SP),Am mem16(d8+SP)—Am -~|-f-]-| 5 | 4 0010 1110 010a <d8. ...> *3 
MOVW (d16,SP),DWm |mem16(d16+SP)>DWm -f-f-}-| 7] 5 0010 1110 001d <d16 .... ahs ada 
MOVW (d16,SP),Am — |mem16(d16+SP)>Am -|-f-]-| 7] 5 0010 1110 000a <di6 ww 
MOVW (abs: — mem16(abs8)>DWm -|-J-|-| 4] 3 1100 011d <abs 8.> 
MOVW (abs8), mem16(abs8)>Am -f-f-|-| 4] 3 1100 010a <abs 8.> 
MOVW (abs16),DWm = |mem16(abs16)>DWm -|-f-]-] 7 4) 5 0010 1100 O11d <abs 16. ... > 
MOVW (abs16),Am mem16(abs16)—Am -|--|-|-| 7] 5 0010 1100 010a <abs 16. 2.0 > 
MOVW DWn,(Am) DWn->mem16(Am) -f-f-}-| 2] 3 1111 00aD 
MOVW An,(Am) An->mem16(Am) -|-Jf-|-| 3 | 4 0010 1111 10aA *4 
MOVW DWn,(d4,SP) DWn->mem16(d4+SP) -~f-f-}-| 3] 3 1111 011D <d4> *2 
MOVW An,(d4,SP) An—>mem16(d4+SP) -|-/-]-| 3] 3 1111 O10A <d4> *2 
MOVW DWn,(d8,SP) DWn-mem16(d8+SP) ~|--f-]-] 5 | 4 0010 1111 011D <d8. > *3 
MOVW An,(d8,SP) An—mem16(d8+SP) -~|-f-]-| 5 | 4 0010 1111 O10A <d8. ..> *3 
MOVW DWn,(d16,SP) DWn-mem16(d16+SP) -f-f-]-| 7475 0010 1111 001D <d16 .... BNA + 3008 
MOVW And16,SP) — |An—>mem16(d16+SP) = |e |e[ =] 7 [5 0010 1111 OOOA <di6 ww 
MOVW DWn,(abs8) DWn-mem16(abs8) -|-Jf-|-| 4] 3 1101 011D <abs 8.> 
MOVW An,(abs8) An—mem16(abs8) -|-f-]-| 4) 3 1101 010A <abs 8.> 
MOVW DWn,(abs16)  |DWn—mem16(abs16) “Seer 0010 1101 011D <abs 16.. > 
MOVW An,(abs16) An—mem16(abs16) --|--|-|-| 7] 5 0010 1101 010A <abs 16. 2.0 > 
MOVW DWn,(HA) DWn->mem16(HA) 2) 3 1001 010D 
MOVW An,(HA) An—>mem16(HA) 2/3 1001 O11A 
MOVW imm8s,DWm sign(imm8)>DWm 4) 2 0000 110d <#8. ..> 55: 
MOVW imm8,Am zero(imm8)—Am 4.22 0000 111a <#8. > *6 
MOVW imm16,DWm imm16é>DWm 6/3 1100 111d <#16.... reese 











Instruction Set 


“1 d8 sign-extension *4 A=An,a=Am _ 
*2 d4zero-extension “5 #8 sign-extension 
*3 d8 zero-extension “6 #8 zero-extension 
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Appendix 
MN101C SERIES INSTRUCTION SET 
Mnemonic Operation Machine Code 
6 re 8 
MOVW imm16,Am imm16—>Am 6] 3 1101 111a <#16 “> 
MOVW SP,Am SP—>Am 3] 3 0010 0000 100a 
MOVW An,SP An->SP 3] 3 0010 0000 101A 
MOVW DWn,DWm DWn->DWm 3) 3 0010 1000 00Dd 
MOVW DWn,Am DWn>Am 3) 3 0010 0100 11Da 
MOVW An,DWm An>DWm 3) 3 0010 1100 11Ad 
MOVW An,Am An>Am 3) 3 0010 0000 00Aa 
PUSH PUSH Dn SP-1—SP,Dn—mem8&(SP) 2/3 1111 10Dn 
PUSH An SP-2-SP,Anmem16(SP) 2/5 0001 011A 
POP. POP Dn mem8(SP)-—>Dn,SP+1—SP 2) 3 1110 10Dn 
POP An mem16(SP)—An,SP+2—SP. 2/4 0000 011A 
EXT EXT Dn,DWm sign(Dn)>DWm 3} 3 0010 1001 000d 
Arithmetic manupulation instructions 
ADD ADD Dn,Dm Dm+Dn>Dm @e\@eje|e/ 3/2 0011 0011 DnDm 
ADD imm4,Dm Dm+sign(imm4)>Dm @ieie@e\e/ 3/2 1000 00Dm <#4> *6 
ADD imm8,Dm Dm+imm8—Dm @jeleie 4 | 2 0000 10Dm <#8. ...> 
ADDC ADDC Dn,Dm Dm+Dn+CF>Dm e@el\eie/e; 3 | 2/0 {0011 1011 DnDm 
ADDW_ |ADDW DWn,DWm DWm+DWn>DWm @)/e@\e@/e| 3 | 3 | © |0010 0101 00Dd 4 
ADDW DWn,Am Am+DWn>Am @\e@/e/e| 3 | 3 | © /0010 0101 10Da 
ADDW imm4,Am Am+sign(imm4)>Am @leieie/ 3/2 1110 110a <#4> 6 
ADDW imm8,Am Am+sign(imm8)—Am @lele(/e, 5 | 3 0010 1110 110a <#8. > 7 
ADDW imm16,Am Am+imm16—>Am @ejei\e|7 4 0010 0101 O1la <#16 > 
ADDW imm4,SP SP+sign(imm4)>SP 3} 2 1111 1101 <#4> *6 
ADDW imms,SP SP+sign(imm8)—>SP. 4/2 1111 1100 <#8. > 7 
ADDW imm16,SP SP+imm16—SP 7) 4 0010 1111 1100 <#16 
ADDW imm16,DWm DWm+imm16>DWm @ejeie,e 7/4 0010 0101 010d <#16 
ADDUW |ADDUW Dn,Am Am+zero(Dn) Am @/e@/e@/e; 3 | 3 | © |0010 1000 1aDn *8 
ADDSW |ADDSW Dn,Am Am+sign(Dn) Am @/e@\)e@/e@| 3 | 3 | © |0010 1001 1aDn 
SUB SUB Dn,Dm(when DnzDm) |Dm-Dn—Dm @|@/e@/e@) 3 | 2 | ©} 0010 1010 DnDm 
SUB Dn,Dn Dn-Dn—Dn oj;/ojo}1}2]1 1000 01Dn 
SUB imm8,Dm Dm-imm8—>Dm @@e;e@ei;e,/ 5/3 0010 1010DmDm <#8._ ...> 
SUBC SUBC Dn,Dm Dm-Dn-CF>Dm @\|e/e{e| 3 | 2) © |0010 1011 DnDm 
SUBW  |SUBW DWn,DWm DWm-DWn>DWm @eieie|3)/3 0010 0100 00Dd 4 
SUBW DWn,Am Am-DWn-Am @ eleie|3/ 3 0010 0100 10Da 
SUBW imm16,DWm DWm-imm16>DWm @ie\@ee 7/4 0010 0100 010d <#16 > 
SUBW imm16,Am Am-imm16>Am @leieie/7/|4 0010 0100 O11a <#16 > 
MULU MULU Dn,Dm Dm*Dn-DWk Ojele/e; 3/8 0010 1111 111D *4 
DIVU DIVU Dn,DWm DWm/Dn>DWr-l...DWm-h @je/e@ie/3)|9 0010 1110 111d "5 
CMP CMP. Dn,Dm Dm-Dn...PSW @l\eje\e; 3) 2 0011 0010 DnDm 
CMP imm8,Dm Dm-imm8s...PSW @/e@e/e/e/ 4/2 1100 00Dm <#8. ..> 
CMP imm8,(abs8) mem8(abs8)-imm8...PSW @je/e/e| 6/3 0000 0100 <abs 8.> <#8. ..> 
CMP imm8,(abs12) mem8(abs12)-imm8...PSW @ejeie|e/7)| 3 0000 0101 <abs 12. .> <#8. .> 
CMP imm8,(abs16) mem8(abs16)-imm8...PSW @lieij@e|e/9)5 0011 1101 1000 <abs 16. ... u> <#® uw 
CMPW |CMPW DWn,DWm DWm-DWn...PSW @iejele/ 3/3 0010 1000 01Dd 4 
CMPW DWn,Am Am-DWn...PSW @eie|e, 3) 3 0010 0101 11Da 
CMPW An,Am Am-An...PSW @elele, 3) 3 0010 0000 01Aa *2 
CMPW imm16,DWm DWm-imm16...PSW @jeleie| 6) 3 1100 110d <#16 io 
CMPW imm16,Am Am-imm16...PSW @leieie| 6/3 1101 110a <#16 a> 
Logical manipulation instructions 
AND Dn,Dm Dm&Dn-Dm 0/@\)o/;e; 3 0011 0111 DnDm 
AND imm8,Dm Dm&imm8—>Dm O;/@;o/;@; 4 0001 11Dm <#8. 
AND imm8,PSW PSW&imm8—PSW @j@ejele) 5 0010 1001 0010 <#8. 
OR Dn,Dm DmIDnDm 0/@\o;e; 3 0011 0110 DnDm 
OR imm8,Dm Dmlimm8—>Dm Ol@/oje@e| 4 0001 10Dm <#8. 
OR imm8,PSW PSWlimm8—PSW @eieje\e|5 0010 1001 0011 <#8. 
XOR Dn,Dm Dm‘Dn>Dm O/e|/0;e; 3 0011 1010 DnDm 
XOR imm8,Dm Dm‘imm8—>Dm O;@/o;e| 5 0011 1010DmDm <#8. 
*{  D=DWn, d=DWm *5 D=DWm *9 mén 
*2  A=An, a=Am *6 #4 sign-extension 
*3 d=DWm *7 #8 sign-extension 
“4 D=DWk *8 Dn zero extension 
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Group Mnemonic Operation Flag Recep Re- Exten Machine Code ai 
VFINF|CF]ZeE|Size peat! gion = 1 2 3 4 5 6 i 8 9 10. 11 
NOT NOT Dn ~Dn->Dn= 0/@\0;le 0010 0010 10Dn 
ASR ASR Dn Dn.msb->temp,Dn.Isb->CF O|-je/\@e © |0010 0011 10Dn 
Dn>>1->Dn,temp—Dn.msb 
LSR LSR Dn Dn.Isb->CF,Dn>>1—Dn 0/0 |@/@ 3 | 2 | © | 0010 0011 11Dn 
0—Dn.msb 
ROR ROR Dn Dn.Ilsb—stemp,Dn>>1—>Dn Oolele| ee 3 | 2 | 0 |0010 0010 11Dn 
CF->Dn.msb,temp—>CF 
Bit manipulation instructions 
BSET BSET (io8)bp mem8(IOTOP+i08)&bpdata...PSW) 0 |@ |0|@| 5 | 5 0011 1000 Obp. <io8 .> 
1—mem8(lOTOP+i08)bp 
BSET (abs8)bp mem8(abs8)&bpdata...PSW Oj@/ole; 4) 4 1011 Obp. <abs 8.> 
1—mem8(abs8)bp 
BSET (abs16)bp mem8(abs16)&bpdata...PSW /0|@|/O;@| 7 | 6 0011 1100 Obp. <abs 16. aS 
1—mem8(abs16)bp 
BCLR __|BCLR (io8)bp mem8(IOTOP+i08)&bpdata...PSW) 0 |@|O;@| 5 | 5 0011 1000 1bp. <io8 .> 
0—mem8(IOTOP+i08)bp 
BCLR (abs8)bp mem8(abs8)&bpdata...PSW Olei/Ole 4) 4 1011 1bp. <abs 8.> 
0—mem8(abs8)bp 
BCLR (abs16)bp mem8(abs16)&bpdata...PSW |0|@/0| @ 7 | 6 0011 1100 1bp. <abs 16.. > 
0—mem8(abs16)bp 
BTST BTST imm8,Dm Dm&imms...PSW Ole/o;e;, 5] 3 0010 0000 11Dm <#8. ..> 
BTST (abs16)bp mem8(abs16)&bpdata...PSW |0|@/|0/@/ 7 | 5 0011 1101 Obp. <abs 16.. > 








Branch inst 
Bec 


ructions 













































































BEQ label if(ZF=1), PC+3+d4(label)+H—PC | -- --|--| 3 | 2/3 1001 O00H <d4> | 
if(ZF=0), PC+3-PC 

BEQ label if(ZF=1), PC+4+d7(label)+H—PC | -- --|--| 4 | 2/3 1000 1010 <d7. ...H *2 
if(ZF=0), PC+4-PC 

BEQ label if(ZF=1), PC+5+d11 (label)+H—PC| -- -|--| 5 | 2/3 1001 1010 <d11 wH *3 
if(ZF=0), PC+5—PC 

BNE label if(ZF=0), PC+3+d4(label)+H—»PC | -- --|--| 3 | 2/3 1001 001H <d4> 1 
if(ZF=1), PC+3-PC 

BNE label if(ZF=0), PC+4+d7(label)+H—»PC | -- --|--| 4 | 2/3 1000 1011 <d7. ...H "2 
if(ZF=1), PC+4-PC 

BNE label if(ZF=0), PC+5+d11(label)+H—»PC| -- -|--| 5 | 2/3 1001 1011 <d11 wH 43 
if(ZF=1), PC+5 PC 

BGE label if((VF*NF)=0),PC+4+d7(label)+H-»PC| -- | -- | --|--| 4 [2/3 1000 1000 <d7. ..H "2 
if((VFANF)=1),PC+4—3PC 

BGE label if((VF°NF}=0),PC+54d11(label)+HoPc| -- | -- | -- | --| 5 | 2/3 1001 1000 <d11 _H 3 
if((VFANF)=1),PC+5—3PC 

BCC label if(CF=0),PC+4+d7(label)+H—»PC| -- --|--| 4 | 2/3 1000 1100 <d7. ..H *2 
if(CF=1), PC+4-PC 

BCC label if(CF=0), PC+5+d11(label)+#H>PC --|--|--]--| 5 | 2/3 1001 1100 <d11 wH 3 
if(CF=1), PC+5PC 

BCS label if(CF=1),PC+4+d7(label)+H-»PC| -- --|--| 4 |2/3 1000 1101 <d7. ...H 2. 
if(CF=0), PC+4—PC 

BCS label if(CF=1), PC+5+d11(label)+H-»PC| -- -|--| 5 | 2/3 1001 1101 <d11 dH a3 
if(CF=0), PC+5-PC 

BLT label if((VE*NF)=1),PC+44d7(label)sHopc] - | -- | -—-|--] 4 | 2/3 1000 1110 <d7. ..H 2 
if((VF*NF)=0),PC+4-PC 

BLT label if((VF*NF}=1),PC+54d11(abel)+H—sPC| -- | -- | -- | --| 5 | 2/3 1001 1110 <d11 WH *3 
if((VF4NF)=0),PC+5-3PC 

BLE label if((VF*NF)|ZF=1),PC+4sd7(labe)+H—Pd -- | | --|--] 4 [2/3 1000 1111 <d7. ..H 2 
if((VF4NF)|ZF=0),PC+4-3PC 

BLE label if(VF*NF)|ZF=1),PC+5+d1 (abel)sH—oPG -- | -- | -- | --] 5 |2/3 1001 1111 <d11 wH 3 
if((VF4NF)|ZF=0),PC+53PC 

BGT label if((VF*NF)|ZF=0),PC+54d7(label)#H9Pd -- | -- | -- ]--| 5 [9/4 0010 0010 0001 <d7. ..H 2 








if((VFANF)|ZF=1),PC+53PC 
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Group Mnemonic Operation Flag (CodeCycle Re- Exten- Machine Code Notes 
VFINF]CE| zr | Size peat! sion = 1 2 3 4 5 6 7 8 9 10 11 














BGT label if(VF*NF)|ZF=0), PC+6+d1 1(label)+H-PC 0001 
if((VEANF)|ZF=1),PC+6-3PC 
BHI label if(CFIZF=0),PC+5+d7(label)+H3PC 0 0010 
if(CFIZF=1), PC+53PC 
BHI label if(CFIZF=0),PC+6+d11 (label)+HPC 0010 
if(CFIZF=1), PC+6-3PC 
BLS label if(CFIZF=1),PC+5+d7(label)+H3PC 0011 
if(CFIZF=0), PC+5PC 
BLS label if(CFIZF=1),PC+6+d1 1 (label)+H-PC 0011 
if(CFIZF=0), PC+6-3PC 
BNC label if(NF=0),PC-+5+d7(label)+H-+PC 0100 
if(NF=1),PC+53PC 
if(NF=0),PC+6+d11 (label)+H4PC 0100 
if(NF=1),PC+63PC 
BNS label if(NF=1),PC+5+d7(label)+H-+PC 0101 
if(NF=0),PC+53PC 
BNS label if(NF=1),PC+6+d11 (label)+H4PC 0101 
if(NF=0),PC+63PC 
( 
(VF: 
( 
(VF: 




















BNC label 











BVC label if(VF=0),PC+5+d7(label)+H=>PC 0110 
if(VF=1),PC+5PC 
BVC label if(VF=0),PC+6+d11(label)+H>PC 0110 
if(VF=1),PC+65PC 
BVS label if(VF=1),PC+5+d7(label)+H+PC 0111 
if(VF=0),PC+5PC 
BVS label if(VF=1),PC+6+d11(label)+H>PC 0111 
if(VF=0),PC+63PC 
BRA label PC+3+d4(label)+H+PC 111H 
BRA label PC+4+d7(label)+H+PC 1001 

BRA label PC+5+d11(label)+H+PC 1001 

CBEQ imm8,Dm, label if(Om=imm8),PC+6+d7 (label) +H+PC 10Dm 
if(Dm#imm8),PC+6-PC 
CBEQ imm8,Dm, label if(Dm=imm8),PC+8+d1 1 (label)+H-+PC 10Dm 
if(Dm#imm8),PC+8-PC 
CBEQ imm8,(abs8),label _|if{mem8(abs8)=imm8),PC+9+d7 (label) +H—-PC| 1100 
if(mem8(abs8)¢imm8),PC+9-PC 
CBEQ imm8,(abs8),label _|if(mem8(abs8)=imm8),PC+10+d1 1(label)+H-+PC 1101 
if(mem8(abs8)4imm8),PC+10-PC 
CBEQ imm8,(abs16),label | if(mem8(abs16)=imm8),PC+11+d7(label)+HPC| 1100 
if(mem8(abs16)#4imm8),PC+11PC 
CBEQ imm8,(abs16),label _|if(mem8(abs16)=imm8),PC+12+d1 1(label]+HPC | @ 1101 
if(mem8(abs16)#imm8),PC+12-PC 
CBNE imm8,Dm, label if(Dm#4imm8),PC+6+d7(label)+H+PC 10Dm 
if(Dm=imm8),PC+6>PC 
CBNE imm8,Dm, label if(Dm4imm8),PC+8+d1 1 (label)+H-+PC 10Dm 
if(Dm=imm8),PC+8PC 
CBNE imm8,(abs8),label _ | if(mem8{abs8)4imm8),PC+9+d7 (label) +H—-PC| 1110 
if(mem8(abs8)=imm8),PC+9-PC 
CBNE imm8,(abs8),label _ |if(mem8(abs8}4imm8),PC+10+d1 1(label]+H+PC| @ 4111 
if(mem8(abs8)=imm8),PC+10-PC 
CBNE imm8,(abs16),label |if(mem8(abs16)4imm8),PC+11+d7(label)+H-+PC 1110 
if(mem8(abs16)=imm8),PC+11—PC 
CBNE imm8,(abs16),label |if(mem8(abs16)4imm8),PC+12+d1 1 (label)+HPC | @ 1101 1111 
if(mem8(abs16)=imm8),PC+12PC 
TBZ (abs8)bp,label if(mem8(abs8)bp=0),PC+7+d7(label)+H-PC. 0000 Obp. 
if(mem8(abs8)bp=1),PC+73PC 
TBZ (abs8)bp,label if(mem8(abs8)p=0),PC+8+d1 1 (label)+H4PC 0000 1bp. 
if(mem8(abs8)bp=1),PC+8PC 




















































































































*1 d4 sign-extension 
*2 d7 sign-extension 
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Group Mnemonic 


Operation 


Flag 


Code} 





VE|NF|CF|ZF| 


Size 


Cycle Re- 


peat 


Machine Code 


6 7 


8 


Notes} 
11 








TBZ 


TBZ (i08)bp,label 


ifmem8(IOTOP io8}op-0),PC+7d7\label)H-3PC 
if(mem8(IOTOP+i08)bp=1),PC+7-3PC 


0j;@/0 


6/7 


0100 


Obp. 


<io8 


a> <d7. 


aH 





ba 





TBZ (i08)bp,label 


i(mem8{(OTOP+o8}bp-0),PC+8sdl {(abel}st+>PC 
if(mem8(IOTOP+io8)bp=1),PC+8-3PC. 


0/@/0 





6/7 


0011 


0100 


bp. 


<io8 


> <d11 


wo 


*2 





TBZ (abs16)bp,label 


if(mem8(abs16)bp=0),PC+9+d7 (label)+H+PC 
if(mem8(abs16)bp=1),PC+9-PC. 


0j/@/0 


7/8 


0011 


1110 


Obp. 


<abs 


16.. 


a> <d7. 


*d 





TBZ (abs16)bp,label 


li(mem8(abst6)bp=0),PC+10-d1 {(label}s}HPC 
if(mem8(abs16)bp=1),PC+10-PC 


10 


7/8 


0011 


1110 


1bp. 


<abs 


16.. 


> <1 


*2 





TBNZ (abs8)bp,|abel 


if(mem8(abs8)bp=1),PC+7+d7 (label)+H—PC 
if(mem8(abs8)bp=0),PC+7-PC 


6/7 





0011 


0001 


Obp. 


<abs 


<d7. 


M 





(TBNZ (abs8)bp, label 


f(mem8(abs8)bp=1),PC+8+d11(label)sH>PC 
if(mem8(abs8)bp=0),PC+8-PC 


0 |@ 


6/7 


0011 


0001 


bp. 


<abs 


<d11 


*2 





TBNZ (io8)bp, label 


if(mem8(io)bp=1),PC+7+d7 (label)+HPC| 
if(mem8(io)bp=0),PC+7PC 





6/7 


0011 


0101 


Obp. 


<io8 


> <d7. 


M 





TBNZ (io8)bp, label 


TBNZ (abs16)bp, label 


if(mem8io)bp=1),PC+8+d1 1 (label)+H->PC 
if(mem8(io)bp=0),PC+8-PC 

i(mem8{abs16)bp=1),PC+9+d7 (label) HPC 
if(mem8(abs16)bp=0),PC+9-PC 


6/7 


0011 


0101 


bp. 


<io8 


a> <1 


*2 








7/8 





0011 


1111 


Obp. 


<abs 


16.. 


> <d7. 


ot 





TBNZ (abs16)bp,label 


|(mems(abst6)op=1),PC+10+aH 1(abel)sHH3PC| 
if(mem8(abs16)bp=0),PC+10-PC 


0|@\0 


7/8 


0011 


1111 


bp. 


<abs 


16.. 


a> <d11 


*2 





JMP | JMP_ (An) 


0-9PC.17-16,An-»PC.15-0,0-»PC.H 


0010 


0001 


00AO 





JMP_label 


abs18(label)+H=+PC 





0011 


1001 


QaaH 


<abs 


18.b p15~ 0..> 


“s) 





JSR JSR (An) 


SP-3-3SP,(PC+3).bp7-0-smem8(SP) 
(PC+3).bp15-8-mem8(SP+1) 
(PC+3).H>mem8(SP+2).bp7, 
0-mem8(SP+2).bp6-2, 
(PC+3).bp17-16-smems(SP+2).bp1-0 
0-PC.bp17-16 
An-PC.bp15-0,0-9PC.H 





0010 


0001 


00A1 








JSR label 





SP-3-SP,(PC+5).bp7-0-smem8(SP) 
(PC+5).bp15-8-mem8(SP+1) 
(PC+5).H+mem8(SP+2).bp7, 
0-mem8(SP+2).bp6-2, 
(PC+5).op17-16-»mem8(SP+2).bp1-0 
PC+5+d12(label)+H3PC 


0001 


000H 


<d12 


*8 





JSR label 


SP-3-sSP,(PC+6).bp7-0->mem8(SP) 
(PC+6).bp15-8-mem8(SP+1) 
(PC+6).H+mem8(SP+2).bp7, 
0->mem8(SP+2).bp6-2, 
(PC+6).op17-16-»mem8(SP+2).bp1-0 
PC+6+d16(label)+H3PC 





0001 


001H 


<d16 


“4 





JSR label 


SP-3SP,(PC+7).bp7-0-smem8(SP) 
(PC+7).bp15-8->mem8(SP+1) 
(PC+7).H+mem8(SP+2).bp7, 
0->mem8(SP+2).bp6-2, 
(PC+7).bp17-16—smem8(SP+2).bp1-0 
abs18(label)+H->PC 


0011 


1001 


taaH 


<abs 


18.b pi5~ 0.> 


as) 





JSRV (tbl4) 


SP-3-9SP,(PC+3).bp7-0-smem8(SP) 
(PC+3).bp15-8>mem8(SP+1) 
(PC+3).H>mem8(SP+2).bp7 
0->mem8(SP+2).bp6-2, 
(PC+3).bp17-16-smem8(SP+2).bp1-0 
mem8(x'004080+tbl4<<2)-»PC.bp7-0 
mem8(x'004080+tbl4<<2+1)-»PC.bp15-8 
mem8(x'004080+tbl4<<2+2).bp79PC.H 


mem8(x'004080+1b14<<2+2).bp1-0-> 
PC.bp17-16 








1111 


1110 


<t4> 





NOP NOP 








PC+2>PC 























0000 


0000 
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Group Mnemonic Operation Flag Codebycid Re- |Exten- Machine Code Notes| 
VF|NF|GF|zF| Size peat] sion 1 2 3 4 5 6 7 8 9 10 11 














mem8(SP)—>(PC).bp7-0 coe fore [oe Jo 0000 0001 
mem8(SP+1)—(PC).bp15-8 
mem8(SP+2).bp7—(PC).H 
mem8(SP+2).bp1-0—>(PC).bp17-16 
SP+3-sSP 
mem8(SP)—PSW 0000 0011 
mem8(SP+1)—(PC).bp7-0 
mem8(SP+2)->(PC).bp15-8 
mem8(SP+3).bp7—>(PC).H 
mem8(SP+3).bp1-0-—>(PC).bp17-16 
mem8(SP+4)—HA-| 
mem8(SP+5)—HA-h 
SP+6-—SP 








Contorl instructions 
REP imm3 imm3-1—RPC ad feooel feo eo 0010 0001 1rep 






































*1 no repeat whn imm3=0, (rep: imm3-1) 





as macro instructions. 


Other than the instruction of MN101C Series,the assembler of this Series has the following instructions 
. The assembler will interpret the macro instructions below as the assembler instructions. 





macro instructions replaced instructions remarks 
INC Dn ADD 1,Dn 

DEC Dn ADD -1,Dn 

INC An ADDW _ 1,An 

DEC An ADDW ~ -1,An 

INC2 An ADDW___2,An 

DEC2 An ADDW_ -2,An 

CLR Dn SUB Dn,Dm 
ASL Dn ADD Dn,Dm 

LSL Dn ADD Dn,Dm 
ROL Dn ADDC Dn,Dm 
NEG Dn NOT Dn 

ADD 1,Dn 

NOPL MOVW _ DWn,DWm 
MOV MOV (0,SP),Dn 
MOV MOV Dn,(0,SP) 
MOVW MOVW  (0,SP),DWn 
MOVW MOVW_ DWn,(0,SP) 
MOVW MOVW _ (0,SP),An 
MOVW MOVW__ An,(0,SP) 
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MOO #8 (8) 


MN101C SERIES INSTRUCTION MAP 
1stnibble\2nd nibble 


CMP #8,(abs8)/(abs12) | POP An 


ADD #8,Dm 


Cc D E F 
MOVW #8,DWm| MOVW #8,Am 





JSR d12(label) | JSR d16(label) 





MOV #8,(abs8)/(abs12) | PUSH An 





OR #8,Dm 





AND #8,Dm 











When the exension code is b'oo 


0 





When the extension code is b'00 


11 





MOV (abs12),Dm 


MOV (abs8),Dm 


MOV (An),Dm 





MOV Dn,(abs12) 


MOV Dn,(abs8) 


MOV Dn,(Am) 





MOV (io08),Dm 


MOV (d4,SP),Dm 


MOV (d8,An),Dm 





MOV Dn,(io8) 


MOV Dn,(d4,SP) 


MOV Dn,(d8,Am) 





ADD #4,Dm 


SUB Dn,Dn 


BGE d7|BRA d7 |BEQ d7|BNE d7 


BCC d7|BCS d7|BLT d7 





BEQ d4 BNE d4 





MOVW DWn,(HA)| MOVW An,(HA) 








BGE d11]}BRA d11/BEQ d11/BNE d11 











BCC d11|BCS d11|BLT d11 

















MOV Dn,Dm / MOV #8,Dm 





BSET (abs8)bp 


BCLR (abs8)bp 





CMP #8,Dm 


MOVW (abs8),Am} MOVW (abs8),DWm 


CBEQ #8,Dm,d7 


CMPW #16,DWm| MOVW #16,DWm 





MOV Dn,(HA) 


MOVW An, (abs8) | MOVW DWh, (abs8) 


CBNE #8,Dm,d7 


CMPW #16,Am|MOVW #16,Am 





MOVW (An),DWm 


MOVW (d4,SP),Am| MOVW (d4,SP),DWm 


POP Dn 


ADDW #4,Am |BRA d4 





MOVW DWn,(Am) 


MOVW An,(d4,SP) | MOVW DWn,(d4,SP) 





Extension code: b'0010' 
2nd nible\ 3rd nibble 


0 1 2 3 


MOVW An,Am 





CMPW An,Am 


PUSH Dn 





8 9 A B 
MOVW SP,Am |MOVW An,SP 


ADDW #8,SP| ADDW #4,SP) JSRV (tbl4) 











Cc D E F 
BTST #8,Dm 





UMP (A0)|USR (A0)| UMP (A1)| JSR (At) 


MOV PSW,Dm 


REP #3 





BGT d7|BHI d7 |BLS d7 


BNC d7|BNS d7|BVC d7|BVS d7 


NOT Dn 


ROR Dn 





BGT d11}BHId11 | BLS d11 











BNC d11|BNS d11|BVC d11/BVS d11 








ASR Dn 


LSR Dn 





SUBW DWn,DWm 


SUBW #16,DWm| SUBW #16,Am 


SUBW DWn,Am 


MOVW DWn,Am 





ADDW DWn,DWm 


ADDW #16,DWm| ADDW #16,Am 





ADDW DWn,Am 


CMPW DWn,Am 








MOV (d16,SP),Dm 


MOV (d8,SP),Dm 


MOV (d16,An),Dm 





MOV Dn,(d16,SP) 


MOV Dn,(d8,SP) 


MOV Dn,(d16,Am) 





MOVW DWn,DWm (NOPL @n=m) 


CMPW DWn,DWm 


ADDUW Dn,Am 





EXT Dn,DWm | AND#8,PSW/ OR #8,PSW 








MOV Dn,PSW 





ADDSW Dn,Am 








SUB Dn,Dm / SUB #8,Dm 





SUBC Dn,Dm 





MOV (abs16),Dm 


MOVW (abs16),Am| MOVW (abs16),DWm 


CBEQ #8,Dm,d12 


MOVW An,DWm 





MOV Dn,(abs16) 


MOVW An,(abs16) | MOVW DWn, (abs16) 


CBNE #8,Dm,d12 


ICBEQ #8,(abs8),d7/d11 (CBNE #8,(abs8),d7/d11 





MOVW (d16,SP),Am| MOVW (d16,SP),DWm 


MOVW (d8,SP),Am| MOVW (d8,SP),DWm 


MOVW (An),Am 


ADDW #8,Am |DIVU 





MOVW An,(d16,SP) | MOVW DWn,(d16,SP) 








Instruction Map 


MOVW An,(d8,SP) | MOVW DWn,(d8,SP) 








MOVW An, (Am) 


ADDW #16,SP} MULU 











Extension code: b'0011' 


2nd nibble\ 3rd nibble 
0 1 2 


Chapter 17 


8 9 A B Cc D E F 
TBZ (abs8)bp,d11 





TBNZ (abs8)bp,d7 


TBNZ (abs8)bp,d11 








CMP Dn,Dm 





ADD Dn,Dm 





TBZ (io8)bp,d7 


TBZ (io8)bp,d11 





TBNZ (io8)bp,d7 


TBNZ (io8)bp,d11 








OR Dn,Dm 





AND Dn,Dm 





BSET (i08)bp 


BCLR (io8)bp 





JMP abs18(label) 


JSR abs18(label) 








XOR Dn,Dm / XOR #8,Dm 





ADDC Dn,Dm 





BSET (abs16)bp 


BCLR (abs16)bp 





BTST (abs16)bp 


cmp #8,(abs16)|mov #8,(abst6) CBEQ #8,(abs16),d7/11 CBNE #8,(abs16),07/11 

















TBZ (abs16)bp,d7 


TBZ (abs16)bp,d11 





TBNZ (abs16)bp,d7 





TBNZ (abs16)bp,d11 
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Page Line Definition | Former Edition (1.2) New Edition (1.3) 





Cover | - Add MN101C78A LSI User’s Manual MN101C78A/F78A LSI User’s Manual 
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